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LETTER OF TRANSMITTAL

DEPARTMENT OF THE ARMY
OFFICE OF THE ASSISTANT SECRETARY
CIVIL WORKS
108 ARMY PENTAGON
WASHINGTON DC 20310-0108

PR R )
REPIY TO LA IR L
ATTENTION OF

Honorable J. Dennis Hastert
Speaker of the House

of Representatives
Washington, D.C. 20515

Dear Mr. Speaker:

Section 101(a)}(28) of the Water Resources Development Act (WRDA)
of 1999, authorized construction of a flood damage reduction project along
the Rio Grande de Manati at Barceloneta, Puerto Rico. The Secretary of
the Army supports the authorization and plans to implement the project
through the normal budget process.

The project is described in the report of the Chief of Engineers dated
April 21, 1989, which includes other pertinent reports and documents. The
views of the Commonwealth of Puerto Rico, and the Departments of the
_Interior, Commerce, and Housing and Urban Development are set forth in
the enclosed report.

Implementation of the project will provide the town of Barceloneta
with an estimated 100-year level of flood protection. The project involves
constructing about 3.3 miles of levee around the town of Barcelonata, and
constructing about 1 mile of pilot channel in the Rio Grande de Manati, east
of the town. The levee would have an average height of about 17.7 feet and
an average base width of about 125 feet. The project also includes interior
drainage facilities to collect, detain, and dispose of runoff from rainfall inside
the levee. Two areas totaling about 360 acres in size would store the interior
runoff during storms. The project is the national economic development
(NED) pian, and no separable fish and wildlife mitigation measures are
required for either the construction, or the operation and maintenance of the
completed project.

The Army Corps of Engineers developed the project pursuant to the
authority provided by Section 206 of the Flood Control Act of 1948, as
amended. The Chief of Engineers approved the project for implementation
under that authority on November 8, 1994. On May 10, 1899, the Corps and
the non-Federal sponsor executed a Project Cooperation Agreement (PCA)

vii



to construct the project under the Section 205 authority. Since they signed
the PCA before enactment of WRDA 1999, the Fedaral share of the total
cost of the project is fimited to $5 million. At October 1998 price levels, the
Corps estimates that the first cost of the project is about $13,490,000. In
accordance with Section 205 of the Flood Control Act of 1948, as amended,
the Federal share of construction costs would be about $4,608,000, while -
the non-Federal share would be about $8,785,000. The Federal cost limit of
$5 million is reached when the study costs are added.

With the specific authorization of the project by the Congress in
WRDA 1999, a new PCA will be required since the construction authority
and the cost sharing have changed, and the $5 million Federai cost fimit is
no longer applicable. In accordance with WRDA 1986, as amended by
Section 202(a) of WRDA 1996, the Federal and non-Federal costs are
revised to be about $8,785,000 and $4,705,000, respectively. The Puerto
Rico Depariment of Natural and Environmental Resources would be
responsible for operating and maintaining the completed project, and would
also be required to develop and adopt a comprehensive flood plain
management plan for the project area.

The Office of Management and Budget advises that there is no
objection to the submission of the report to the Congress. Acopy of ifs
letter is enclosed in the report,

Sincerely,

;Jéeph W. Wesibhal
AdSistant Secretary of the Army

(Civil Works)

Enclosure



COMMENTS OF THE OFFICE OF MANAGEMENT AND
BUDGET

EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF MANAGEMENT AND BUDGET
WASHINGTON, D.C. 20503

December 9, 1999

‘The Honorable Joseph W. Westphal
Assistant Secretary of the Army

for Civil Works

Pentagon - Room 2E570
Washington, D.C. 20310-0108

Dear Dr. Westphal:

As required by Executive Order 12322, the Office of Management and Budget has
completed its review of your recommendation of January 22, 1999, concerning the flood damage
reduction improvements for the Rio Grande de Manati at Barceloneta, Puerto Rico.

Your recommendation for this project is consistent with the policies and programs of the
President. The Office of Management and Budget does not object to your submitting the
recommendation and report to Congress.

Sincerely,

Kathy PérJff
Deputy Associate Direc!
Energy and Science



COMMENTS OF THE MUNICIPALITY OF
BARCELONETA, PUERTO RICO

GovennmenT o Puerro Rico Minttsas GovernmentaL Centen, Noam Buoa.
QFFICE OF THE GOVERNGR De Digco Ave, Stop 22
PLANNING BOARD FO.Box 41119, SAN JUAN, PUERTO RICO 00840-1119

“November 2, 1998

Mz, David B. Sanford, Jr.

Chief, Policy Division
Directorate of Civil Works
Department of the Army

U.8. Corps of Engineers
Washington, D.C. 201314-1000

Dear Mr, Sanford, Jr.;

This is in reference to your letter of October 2, 1998, requesting comments an the Rio
Grande de Manati flood control project, at the Municipality of Barceloneta.

We have evaluated the Supplemental Report, Revised July 1998 which includes the
authorized project for Rio Grande de Manati, Its design reflects mainly the original
concept of a ring levee around the east, north and west side of the urban cote of the
Municipality.

Few years ago, the Planning Board issued some comments on this project. Among them,
the Board is concerned about the lands approximately 2,365 acres to be dedicated for the
local drainage or storing the residual flooding caused by interior runoff. These lands
described as agricultural lands, 57.5 acres on the east and 179.0 acres on the north; are
located within the floodway of Rio Grande de Manati.- Once the project be completed,
this Board will take the appropriate action to maintain the lands for agricultural use or
dedicated to open space. We also concerned about the effective base flood elevation
which are lower (one meter) than the estimated 100 year flood stages computed by the
U.S. Corps of Engineers study. This also represents a future revision of the Flood. -
Insurance Study for which we requested FEMA to revise if in the near future.

We are in agreement with the propesed plan which represent 2 great benefit for the
redevelopment of the Municipality of Barceloneta. We also encourages to expedite the
necessary steps for the approval of the Secretary of the Army.

Cordially yours,

9,,. . Cubablee Meendo
0sé R. Caballero-Mercado.
Chairman

ET/RM/mla



COMMENTS OF THE DEPARTMENT OF THE INTERIOR

United States Department of the Interior

OFFICE OF THE SECRETARY
‘Washirigton, D.C. 20240

ER98/634 NV 2 98

Mr. David B. Sanford, Jr.
Chief, Policy Division
Directorate of Civil Works
ATTN: CECW-AR (SA)

7701 Telegraph Road
Alexandria, VA 22315-3861

Dear Mr. Sanford:

The U.S. Department of the Interior has reviewed the Chief of Engineers
Proposed Report, Final Detail Project Report and Environmental Assessment
for the Rio Grande De Manati, Barceloneta, Puerto Rico.

The Fish and Wildlife Service has been coordinating this project with the
Corps for several years. Our major concerns centered around possible
impacts to Threatened and Endangered Species particularly the Puerto Rican
boa (Epicrates inornatus). The current plan adequately mitigates for impacts
to wetlands and avoids impacts to endangered species. If the borrow or
disposal sites are changed, however, the Corps should re-initiate Section 7
consultation under the Endangered Species Act.

Thank you for the opportunity to review these materials.
Sincerely,
Willie R. Taylor, DirZ;

Office of Environmental
Policy and Compliance



COMMENTS OF THE DEPARTMENT OF COMMERCE

UNITED STATES DEPARTMENT OF COMMERCE
Nationai Oceanic and Atmospheric Administration
NATIONAL MARINE FISHERIES SERVICE

Southeast Regional Office

9721 Executive Center Drive N.

St. Petersburg, Florida 33702

October 13, 1998

Directorate of Civil Works

Policy Division, Policy Review Branch
ATTN: CECW-AR

7701 Telegraph Road

Alexandria, Virginia 22315-3861

Dear Sir or Madam:

This responds to the September 14, 1998, Notice of Completion of the Feasibility Study (FS) and
Environmental Assessment (EA) for the Rio Grande de Manati flood control project near
Barceloneta, Puerto Rico.  The recommended plan provides for the construction of a levee around
the town of Barceloneta and pilot channels for the Rio Grande.

The National Marine Fisheries Service has reviewed the FS/EA and anticipates that the project will
only minimally impact marine and estuarine fishery resources under its purview. Therefore, we have

no comments or objections to the project.
SW

Andreas Mager, Jr.
i Regional Administrator
) Habxtat, Conservation Division

xii



COMMENTS OF THE DEPARTMENT OF HOUSING AND
URBAN DEVELOPMENT

U 0, U.S. DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT
& ﬂ *, CARIBBEAN QFFICE , SOUTHEAST/CARIBDEAN
o ﬂ D n % OFFICE OF THE CHRIBREAN COORDINATOR
ER g *: 171 Carlos Chardun Avenue - Suite 301
"@' I " I| § San Juan, Puertc Rice 00918-0303
b o http://www.hud. gov
sy W

November 18, 1998

Ms. Patricia Luvender,

Policy Review Branch

Policy Division

ATTN: CECW-AR (SA)

Department of The Army

7701 Telegraph Road

Alexandria, Virginia 22315-3861

Dear Ms. Luvender:
SUBJECT: Rio Grande De Manati, Puerto Rico

The proposed report from the Chief of Engineers and the
District Engineer has been reviewed for the area known as the Rio
Grande de Manati, in the Municipality of Barceloneta, Puerto
Rico.

At the present moment we have no comments that would further
improve the situation beyond your report. However, as you know
this is a serious flood area. Your improvement to this community
would surely improve the life and safety of its citizenry. We
welcome your involvement.

Should you need additional information on our programs in this
area, do not hesitate to contact me at (787) 766-5201.




RIO GRANDE DE MANATI
BARCELONETA, PUERTO RICO

REPORT OF THE CHIEF OF ENGINEERS, DEPARTMENT OF THE ARMY

DEPARTMENT OF THE ARMY
OFFICE OF THE CHIEF OF ENGINEERS
WASHINGTON, D.C. 20314-1000

- REPLY TO
ATTENTION OF:

CECW-PE (10-1-7a) 22 JAR 1993

SUBJECT: Rio Grande de Manati, Barceloneta, Puerto Rico

THE SECRETARY OF THE ARMY

1. I submit for transmission to Congress my report on flood damage reduction improvements for
Rio Grande de Manati, Barceloneta, Puerto Rico. It is accompanied by the report of the district
and division engineers. These reports were prepared pursuant to Section 205 of the Flood
Control Act of 1948, as amended (Public Law 80-858) which authorized the Secretary of the
Army, acting through the Chief of Engineers, to allot from any appropriations made for flood
control for the construction of small projects. At the time this cost shared feasibility study was
initiated, the project costs were within the $5,000,000 Federal limitation of section 205. Now
that the estimate for the Federal share of the project exceeds the Federal limitation, these reports
are being submitted to Congress for specific authorization.

2. The reporting officers recommend a flood damage reduction plan which consists of
construction of 5,300 meters (17,400 feet) of levees around the town of Barceloneta and 1,620
meters (5,300 feet) of pilot channels for the Rio Grande de Manati to the east of the town. The
eastern section of the ring levee extends for about 3,200 meters (10,500 feet) starting at the north
interior drainage structure (Culvert 1) and continues east and southeast crossing Calle Plazuela
and Highway 684, continuing mainly toward the south, crossing the river meander twice, and
continuing south near the municipal sports complex and around Villa Catalana residential
development. The western section of the ring levee starts at Culvert 1, and extends for 2,100
meters (6,900 feet) in a southwestern direction across Highway 681 to end at high ground just
across Highway 682. The total length of the ring levee is about 5,300 meters (17,400 feet) with
an average height above ground of 5.4 meters (17.7 feet), 1 on 3 side slopes on its east and north
sections, 1 on 3.5 side slopes on its west part. The levee has a crest of 3 meters (9.8 feet) and an
average base of 38 meters (124.7 feet). For safety purposes and to maintain a clear evacuation
route to the south should a larger than design flood occur, the northern 400-meter (1,300 feet)
stretch of the levee was designed as an overtopping section. The two portions of the existing Rio
Grande de Manati channel cut off by the eastern section of the levee are replaced by two pilot
(bypass) channels. The pilot channels are designed to be stable and maintain low flow within its
banks. The project also includes the construction of minimum interior drainage facilities to collect
and dispose of urban runoff caused by a local rainfall event. The interior drainage facilities are
required due to the disruption of the existing storm drainage system and the natural drainage



pattern of the urban area resulting from the construction of the flood control ring levee. Two
relatively large areas of mostly agricultural lands, 23.3 hectares (57.5 acres) on the east and 72.4
hectares (179.0 acres) on the north, serve temporarily for storing most of the residual flooding
caused by interior runoff. Flood stages on this land for the 1 percent chance of occurrence are
reduced from a pre-project elevation of 5.1 meters (16.7 feet) National Geodetic Vertical Datum
(NGVD) to a post-project elevation of 2.7 meters (8.9 feet) NGVD. This will allow for its
continued use in agriculture. The recommended project requires the construction of one small
road ramp over the levee at Highway 682, two road ramps over the levee at Highways 681 and
684, and one agricultural road ramp where the eastern part of the levee precludes access to
agricultural lands. Project implementation requires acquisition of seven residential structures,
relocation of a boat ramp, and relocation of existing utilities impacted by the levee at four
locations.

3. The recommended plan is the national economic development (NED) plan. The recommended
plan would provide flood protection against a flood event that has an expected annual exceedance
probability of about 1 percent by combining channel construction and levees. The total first cost
of the recommended plan is estimated at $13,491,000 at October 1998 price levels, of which
$8,785,000 would be Federal and $4,706,000 would be non-Federal. Total average annual costs,
based on a Federal interest rate of 6.875 percent and a 50-year period of analysis, are estimated at
$1,021,000. These amounts include non-Federal annual operation, maintenance, repair,
rehabilitation, and replacement costs. Total average annual flood damage reduction benefits are
estimated at $4,243,000, yielding net benefits of $3,222,000, and a benefit to cost ratio of 4.2 to
1. No environmental mitigation is required for the recommended-plan.

4. Washington level review indicates that the recommended plan is technically sound,
economically justified, and environmentally and socially acceptable. The proposed project
complies with applicable U.S. Army Corps of Engineers planning procedures and regulations.
Also, the views of interested parties, including Federal, State, and local agencies have been
considered.

5. I generally concur in the findings, conclusions, and recommendations of the reporting officers.
Accordingly, I recommend that improvements for flood damage reduction for Rio Grande de
Manati, Barceloneta, Puerto Rico, be authorized suuject to cost sharing as required by Public Law
99-662, as amended by Section 202 of Public Law 104-303. My recommendation is subject to
the non-Federal sponsor, the Puerto Rico Department of Natural and Environmental Resources,
agreeing to comply with applicable Federal laws and policies, including the following
requirements:

a. Provide a minimum of 35 percent, but not to exceed 50 percent, of total project costs as
further specified below:



(1) Enter into an agreement that provides 25 percent of design costs prior to the date of
execution of the project cooperation agreement,

{2) Provide, during construction, any additional funds needed to cover the non-Federal
share of pre-construction design costs;

(3) Provide, during construction, a cash contribution equal to 5 percent of total project
costs;

{4) Provide all lands, easements, and rights-of-way, including suitable borrow and dredged
or excavated material disposal areas, and perform or assure the performance of all relocations
determined by the Federal Government to be necessary for the construction, operation, and
maintenance of the project;

(5) Provide or pay to the Federal Government the cost of providing all retaining dikes,
wasteweirs, bulkheads, and embankments, including all monitoring features and stilling basins,
that may be required at any dredged or excavated material disposal areas required for the
construction, operation, and maintenance of the project; and

(6) Provide, during construction, any additional costs as necessary to make its total
contribution equal to a minimum of 35 percent of total project costs;

b. For so long as the project remains authorized, operate, maintain, repair, replace, and
rehabilitate the completed project or functional portion of the project, at no cost to the Federal
Government, in accordance with applicable Federal and State laws and any specific directions
prescribed by the Federal Government;

c. Give the Federal Government a right to enter, at reasonable times and in a reasonable
manner, upon land that the non-Federal sponsor owns or controls for access to the project for the
purpose of inspection and, if necessary, after failure to perform by the non-Federal sponsor, for

" the purpose of completing, operating, maintaining, repairing, replacing, or rehabilitating the
‘project,

d. Hold and save the United States free from all damages arising from the construction,
operation, maintenance, repair, replacement, and rehabilitation of the project and any project-
related betterments, except for damages due to the fault or negligence of the United States or its
contractors;

e. Keep, and maintain books, records, documents, and other evidence pertaining to costs and
expenses incurred pursuant to the project in accordance with the standards for financial



management systems set forth in the Uniform Administrative Requirements for Grants and
Cooperative Agreements to State and Local Governments at 32 Code of Federal Regulations
(CFR), Section 33.20;

f. Perform, or cause to be performed, any investigations for hazardous substances as are
determined necessary to identify the existence and extent of any hazardous substances regulated
under the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA),
42 U.S.C. 9601-9675, that may exist in, on, or under lands, easements, or rights-of-way that the
Federal Government determines to be required for the operation, maintenance, repair,
replacement, and rehabilitation of the project. However, for lands that the Federal Government
determines to be subject to the navigation servitude, only the Federal Government will perform
such investigations unless the Federal Government provides the non-Federal sponsor with prior
specific written direction, in which case the non-Federal sponsor will perform such investigations
in accordance with such written direction;

g Assume complete financial responsibility, as between the Federal Government and the
non-Federal sponsor, for all necessary cleanup and response costs of any CERCLA regulated
materials located in, on, or under lands, easements, or rights-of-way that the Federal Government
determines to be required for the operation, maintenance, repair, replacement, or rehabilitation of
the project;

h. As between the Federal Government and the non-Federal sponsor, the non-Federal sponsor
will be considered the operator of the project for the purpose of CERCLA liability. To the
maximum extent practicable, operate, maintain, repair, replace, and rehabilitate the project ina
manner that will not cause liability to arise under CERCLA,

i. Comply with the applicable provisions of the Uniform Relocation Assistance and Real
Property Acquisition Policies Act of 1970 (Public Law 91-646) as amended by Title IV of the
Surface Transportation and Uniform Relocation Assistance Act of 1987 (Public Law 100-17), and
the Uniform Regulations contained in 49 CFR, Part 24, in acquiring lands, easements, and rights-
of-way required for the operation, maintenance, repair, replacement, and rehabilitation of the
project, including that necessary for relocations, borrowed materials, and dredged or excavated
material disposal, and inform all affected persons of applicable benefits, policies, and procedures
in connection with said act;

j. Comply with all applicable Federal and State laws and regulations including, but not limited
to, Section 601 of the Civil Rights Act of 1964 (Public Law 88-352, 42 U.S.C. 2000d), and
Department of Defense Directive 5500.11 issued pursuant thereto, as well as Army Regulation
600-7, entitled "Nondiscrimination on the Basis of Handicap in Programs and Activities Assisted



or Conducted by the Department of the Army," and Section 402 of the Water Resources
Development Act of 1986, as amended (33 U.S.C. 701b-12), requiring non-Federal preparation
and implementation of floodplain management plans;

k. Provide 35 percent of that portion of total cultural rescurce preservation, mitigation and
data recovery costs of the NED plan attributable to flood controls that are in excess of 1 percent
of the total amount authorized to be appropriated for flood control;

L Participate in and comply with applicable Federal floodplain management and flood
insurance programs;

m. Prescribe and enforce regulations to prevent obstruction of or encroachment on the project
that would reduce the level of protection it affords or that would hinder operation and
maintenance of the project;

n. Not less than once each year, inform affected interests of the extent of the protection
afforded by the project;

o. Publicize floodplain information in the area concerned and provide this information to
zoning and other regulatory agencies for their use in preventing unwise future development in the
floodplain and in adopting such regulations as may be necessary to prevent unwise future
development and to ensure compatibility with protection levels provided by the project;

p. Comply with Section 221 of Public Law 91-611, as amended, and Section 103 of
Public Law 99-662, as amended, which provides that the Secretary of the Army shall not
commence the construction of any water resources project or separable element thereof, until the
non-Federal sponsor has entered into a written agreement to furnish its required cooperation for
the project or separable element; and

q. Do not use Federal funds to meet the non-Federal sponsor's share of total project costs
unless the Federal granting agency verifies in writing that the expenditure of such funds is
authorized.

6. The recornmendation contained herein reflects the information available at this time and
current departmental policies governing formulation of individual projects. It does not reflect
program and budgeting priorities inherent in the formulation of a national civil works construction
program nor the perspective of higher review levels within the executive branch. Consequently,
the recommendation may be modified before it is transmitted to the Congress as a proposal for
authorization and implementation funding. However, prior to transmittal to the Congress, the
non-Federal sponsor, the Puerto Rico Department of Natural and Environmental Resources, the
Commonwealth of Puerto Rico; interested Federal agencies; and other parties will be advised of
any modifications and will be afforded an opporiunity to comment further.

Lieutev t General, US. Army
Chief of Engineers
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RIO GRANDE DE MANATI DETAILED PROJECT REPORT \
SYLLABUS

This detailed project report describes the flooding and
related problems resulting from the overflow of Rio Grande de
Manati in the vicinity of the town of Barceloneta, presents the
analysis of several different measures to reduce flooding
damages, and recommends a plan of action. The report was
prepared under the authority provided in Section 205 of the Flood
Control Act of 1948 as amended. The study was conducted at the
request of the Puerto Rico Department of Natural Resources.

The detailed study area lies in the coastal flood plain of
Rio Grande de Manati within the municipalities of Manati and
Barceloneta. This area is located in the north coast of Puerto
Rico. Rio Grande de Manati has a drainage area of approximately
447 square kilometers (172 square miles). The southern part of
the river basin is mountainous with elevations up to 800 meters
above mean sea level (msl). The portion on the northern extreme
of the basin is, for the most part, a coastal flood plain with
ground elevations fluctuating from about three meters below mean
sea level (msl) to about six meters above msl. Rio Grande de
Manati main channel has a relatively low hydraulic capacity at
the coastal plain. Discharges equal or above the 2-year
frequency discharge will exceed the capacity of the river. The
excess flows over the banks of the river into the coastal plain
producing damages in the communities. Approximately 914 families
will be affected by the 100-year flood for existing conditions.
Total damages range from about $4.0 million for the S-year flocod
to $28.6 million for the SPF with average annual damages being
about $3.0 million. Industries, residences, and public
facilities are, in that order, the most affected structures.

The recommended flcod control plan consists of providing
5,200 meters of levees for flood protection, 1,545 meters of
pilot channels, and minimum interior drainage facilities for
levee to perform. Interior drainage elements include: 161 acres
for ponding area, 5,230 meters of canal, culverts under two
highway ramps, and two drainage structures. The plan is designed
to protect against the 100-year flood and would reduce 92 percent
of the total annual flood damages. This plan maximizes the net
national economic development benefits. The total first cost of
this plan is about $10.6 million with total annual cost estimated
at $942,000. Since total annual benefit is $3,025,000, the
implementation of the project would result in a benefit to cost
ratio of 3.2/1.0. Pertinent economic data for the recommended
plan is based on April 1993 price level and interest rate of 8-
percent. Under the current cost-sharing policy, the Federal
Government cost would be $4,609,000 while the non~Federal share
would amount to $6,013,000.
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CONVERSION FACTOR TABLE
LENGTH
1 kilometer = 0.6214 mile
1 meter = 3.2808 feet .
1 centimeter = 0.3337 inch
1 millimeter = 0.03937 inch
AREA
1 square kilometer = ,3861 square mile
1 square kilometer = 247.1054 acres
1 hectare = 2.4711 acres
1 square meter = 1.1960 square yards
1 square meter = 10.76 square feet
VOLUME
1 cubic meter = 1.3080 cubic yards
1 cubic meter = 35,3147 cubic feet
VELOCITY

1 meter per second = 3,2808 feet per second

FLOWRATE

1 cubic meter per second = 35,3147 cubic feet per sedond

1 cubic meter per second = 22.8241 million gallons per day {myd)
1 liter per second = 0,0353 cubic feet per second

WEIGHT

1 metric ton « 2204.622 1bs.
1 metric ton = 1.1023 short tons
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RIO GRANDE DE MANATI AT BARCELONETA
DETAILED PROJECT REPORT

MAIN REPORT
AND
~ ENVIRONMENTAL ASSESSMENT

I. INTRODUCTION

This report presents the results of investigations into flooding and
related problems resulting from the overflow of Rio Grande de Manati at the town
of Barceloneta, Puerto Rico. The report was prepared in response to a letter
dated September 11, 1986, from the Puerto Rico Department of Natural Resources
{DNR) for assistance in reducing flooding from Rio Grande de Manati at
Barceloneta. Funds to initiate this study were ailocated on fiscal year 1989.

II. STUDY AUTHORITY

This study was authorized by Section 205 of the Flood Control Act of 1948
as amended, which states:

The Secretary of the Army is hereby authorized to allet
from any appropriations heretofore or hereafter made for
flood control, not to exceed $40,000,000 for any one fiscal
year, for the construction of swmall projects for flood
control and related purposes not specifically authorized by
Congress, which comes within the provisions of Section 1 of
the Flood Control Act of June 22, 1936, when in the opinion
of the Chief of Engineers such work is advisable. The
amount allotted under this Section for a project shall be
sufficient to complete Federal participation in the project.
Not more than $5,000,000 shall be allotted for a project at
any single locality. The provisions of lTocal cooperations
specified in Section 3 of the Flood Control Act of June 22,
1936, as amended, shall apply. The work shall be complete
in itself and not commit the United States to any additional
improvements to insure its successful operation, except as
may result from the normal procedure applying te projects
authorized after submission of preliminary examination and
survey reports.

By letter dated September 11, 1986, the DNR made a formal application for
a study of the Barceloneta area under the authority cited above (refer to
Appendix F). An initial Appraisal Letter Report was completed in November 1987
and a Reconnaissance Report in December 1988. Both reports showed that several
alternatives to solve the flooding problem at the town of Barceloneta appeared
to be feasible and that further detailed studies were warranted. The Division
Engineer, therefore, approved in December 1989 for the preparation of a Detailed
Project Report (DPR).
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III. STUDY PURPOSE AND SCOPE D

The primary purpose of this study is to investigate in detail the frequent
flooding and related problems in the town of Barceloneta, determine if feasible
means for reducing these probiems exist, and recommend the most appropriate
course of action within the Federal and Commonwealth guidelines and regulations.
The investigations were of sufficient detail to identify those problems being
experienced, determine probable future conditions, identify and evaluate possible
structural and nonstructural alternative plans for addressing these problems,
develop detailed alternative plans for possible implementation, evaluate all
adverse and beneficial impacts associated with each alternative plan, determine
public support for such plans, and recommend a course of action.

IV. STUDY PROCESS

Section 205 Continuing Authorities studies follow a staged process which
includes the four functional planning tasks of problem identification,
formulation of alternatives, impact assessment, and evaluation.

A review of previous reports, interviews with local officials, and field
observations were made by study team members. The study process concentrated on
the formulation and development of alternative plans, assessment of impacts, and
relative evaluations. The activities were based on detailed technical analyses
including hydrology, hydraulic, and geotechnical investigations; socioeconomic
analysis; biological/ecological studies; and cultural resources evaluations.

After the technical studies are completed, the draft report and environ-
mental assessment are prepared and reviewed by the staff of the South Atlantic
Division (SAD), Corps of Engineers. Next, the draft report and environmental
assessment are reviewed by the Commonwealth and other Federal agencies. The
subsequent steps involved with plan implementations are summarized below:

1. Review and approval of the Final Rio Grande de Manati at
Barceloneta, Puerto Rico, Section 205 DPR by Commander South Atlantic Division.

2. Allocation of funds by Headquarters, U. S. Army Corps of Engineers
(HQUSACE) for preparation of plans and specifications.

3. Preparation of Plans and Specifications.

4. Approval of the project for construction by the Office of the
Assistant Secretary of the Army for Civil Works.

5. Execution of the Project Cooperation Agreement (PCA).

6. Sponsor accomplishes required acquisitions, relocations, and
certifies project lands.

7. Allocation of funds by the Secretary of the Army for construction.

8. Advertize, award, and construction of the project.

13



“. 9. Transfer the completed project over to the Sponsor for continued
operation and maintenance.

V. SCOPE OF REPORT
A. Study Area

. The study area consists of the Rio Grande de Manati basin, which is
Tocated in the north central region of Puerto Rico.(see Plate 1). The total area
covered by the Rio Grande de Manat{ basin is approximately 447 square kilometers
(172 square miles). Though the Rio Grande de Manati basin includes parts of the
municipalities of Corozal, Naranjito, Orocovis, Ciales, Morovis, Manati,
Barceloneta, and Arecibo, the main focus of the study is the town of Barceloneta
where flooding is a major frequent problem.

B. Study Participants and Coordination

Coordination of this report was accomplished through numerous formal
and informal meetings with various Commonwealth and Federal agencies, the mayor
of Barceloneta, local legislators, various interested groups, and the residents
of the flood plain. Table 1 shows the participating government agencies. The
investigation was continuously and thoroughly coordinated with the DNR, which was
the primary agency representing the Commonwealth during the planning process.

Several technical Study Management Team meetings were held with various
government agencies during the study process. The DNR, the Puerto Rico Planning
Board (PRPB), the Puerto Rico Highway Authority (PRHA), the Puerto Rico Land
Authority (PRLA), and the Municipality of Barceloneta actively participated in
the Study Management Team meetings (refer to Appendix F). The meetings were
aimed at the collection of data necessary for the investigation and at the
assessment and evaluation of the various flood control alternatives considered.
A major objective of the coordination effort was to involve the local governments
and citizen representatives as equal partners in the study process.

C. Organization of the Report and Study Process

The results of these investigations are presented in a main report, and
environmental assessment (EA), and six appendices. The wain report includes the
description of the river basin, analysis of the study area’s flooding probleas,
plan formulation and evaluation process, and the conclusions and recommendations
of the study. The EA documents the description and analysis of the environmental
resources as well as the evaluation of the potential effects that the alternative
plans of actimn would have on these resources and the rest of the area’s human
environment. The EA made reference to inputs and comments from other Federal
agencies, particularly the Fish and Wildlife Service (FWS), the Environmental
Protection Agency (EPA), the Soil Conservation Service (SCS), and the Geological
Survey (GS). The appendices present the supporting data and detailed
investigations conducted as part of the study. These include: Appendix A,
Hydrology and Hydraulics; Appendix B, Geotechnical Studies; Appendix C, Design
and Cost Estimates; Appendix D, Economic Analysis; Appendix E, Real Estate Plan;
and Appendix F, Coordination.
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TABLE 1

RIO GRANDE DE MANATI DETAILED PROJECT REPORT

PARTICIPATING GOVERNMENT AGENCLES

federal

Department of the Interior
U.S. Geologicet
U.S. Fish & Wildlife Service
Nationsl Park Service

Department of Trangportation
Federal Highway Adwinistration

Erwirormental Protection Agency

Department of Housing &
Urban Development

Department of Agriculture
Soil Conservation Service
Farmers Home Administration

Department of Cosmerce
National Westher Service
Office of Cosatal Zone Management
Kationel Marine Fisheries Service

Federal Emergency Management Agency

Commonwealth

Office of the Governor
Legislature of Puerto Rico
House of Representatives
Senate
Office of the Resident Commissioner
Puerto Rico Planning Board

Envirormental Quality Board

Local

Municipelity of Barcelonets
Office of the Mayor of Barcelonets
Office of Planmning
Department of Public Works
Civil Defense

Regulations snd Permits Administration

Depertment of Transportstion snd
Public Works

Department of Natural Resources
Civil Deferse

Highuay Authority

Aqueducts and Sewers Authority
Electric Power Authority

Puerto Rice Ports Authority

Puerto Rico Lend Authority

Puerto Rico Lend Administration
State Historic Preservation Officer
Institute of Puerto Rican Culture
Department of Agriculture

Office of the Budget and Management
Department of Sports and Recreation
Department of Housing

Department of Social Services

Department of Education

Department of Labor and. Human Resources

Puerto Rico Industrist Development Company

Police Department

Puerto Rico Telephone Compeny
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VI. DESCRIPTION OF THE STUDY ARER
A. Physiography

1, The river basin. The Rio Granda de Manati interior basin is
situated on the northern slopes of the Cordillera Central {the central mountain
range of Puerto Rico), refer to Plate 1. The Rio Grande de Manati originates at
an elevation of aboul BOO meters (2,625 feet) above mean sea Tevel, and flows in
a slightly northwesterly direction through a belt of limestone hills typified by
the karst terrain, a deep and narrow canyon-like valley, and across an alluvial
flood plain before finally emptying into the Atlantic Ocean. The main stream is
about 90 kilometers (55.9 miles) long, Major tributaries to the Rio Grande de
Manati are the Rio Cialites, Rio Toro Negro, Rio Sana Muerto, and Rie Orocovis.
These rivers flow in the northeast and/or north direction and enter the Rio
Grande de Manati from the west. The drainage area of the interior basin at the
town of Ciales is 347.5 square kilometers (134 square miles), while the drainage
area at Highway 2 bridge is 422.5 square kilometers (163 square miles). The
total area covered by the Rio Grande de Manati watershed is approximately 447
square kilometers (172 square miles).

The coastal alluvial flood plain at the lower end of the basin
extends for about 25 kilometers and averages approximately 2 kilometers in width.
Practically all the land in this plain is subject to periodic flooding. The
detailed study area is shown in Figure 1 and Photos 1, 2, and 3.

2. MWaterworks. There are two small water supply reservoirs at the
upper part of the Rio Grande de Manati watershed: Guineo Reservoir, on the upper
Rfo Toro Negro, and Matrullas Reservoir, on the Rio Matrullas, which impound
runoff from about 15.5 square kilometers (6 square miles), refer to Plate 1.
Part of this runoff is diverted from both reservoirs by means of channels and
tunnels to the Rio Jacaguas, which flows south towards the Caribbean Sea. The
diverted flow is used for irrigation in the southerly coastal plain of the
island. The combined capacity of the two reservoirs at crest elevations is about -
5.86 million cubic meters {4,750 acre-feet). Because regulation by the two danms
is not complete and because the area affected by diversion is less than 4 percent .
of the drainage area at Highway 2, the effect of the reservoir on floods in the
area to be protected is not significant.

3. Soils. The soils in the Rio Grande de Manati basin consist of
deposits of sand, clay, and gravel in the coastal plain and limestone overlain
by strata of clay slates and sands in the mountain areas. Soils in the upper
basin have a low permeability and high runoff potential. The many meanders of
the Rio Grande de Manatf in the coastal flood plain denotes the existence of
fine-grained alluvial soils in the area.

4. Climate. The climate of the area is characterized by dependable
rainfall and tropical temperatures, tempered by the trade winds. Daily
temperature ranges are relatively small, with a mean annual temperature of 18*
centigrade (65° Fahrenheit) in the upper basin and 24°* centigrade (76*
Fahrenheit) in the coast. Mean annual precipitation in the upper basin is 191
centimeters (75 inches) and 150 centimeters (59 inches) in the coastal area.
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8. Natural Resources

1. MWater resources. There are abundant surface and ground water
resources in the study area. The low flow of the Rio Grande de Manati near
Barceloneta is estimated at approximately 2.5 cubic meters per second (87 cfs)
with 90 percent probability. The mean annual flow is about 329.2 million cubic
meters (267,000 acre-feet). Lack of flow control structures limit surface water
supply developments.

2. Environmental resources. The entire area has been significantly
influenced and largely altered by man; however, the intermixture of marine,
estuarine, riverine, flood plain, and karst features provide a variety of
habitats. The most important natural feature in the vicinity of the study area
is the Caflo Tiburones swamp which occupies approximately 6,000 acres between the
Rio Grande de Arecibo and the Rio Grande de Manati. Wetlands are common
throughout the flood plain, especially on the Toa, Coloso, Bajura, and Almirante
soil series. The significance of fish and wildlife habitats in and along the Rio
Grande de Manati and the extent and functions and values of wetlands in the
project area are discussed in the EA.

3. Cultural resources. The Rio Grande de Manati flood plain has been
exploited throughout Puerto Rico’s prehistoric and historic periods, and the area
is rich in significant archaeological and historic resources. There are at least
three known indian burial sites within the coastal flood plain. The river was
a source of gold during the early 16th century. Numerous sugar processing
haciendas were established in the 19th and 20th centuries throughout the entire
Rfo Grande de Manati coastal valley.

An archaeological reconnaissance report of the study area
identified six potentially significant archaeological sites near the area of
effect for the proposed project. Of the six sites, five did not met the criteria
of eligibility for inclusion on the National Register, or were determined to be
outside the area of effect for the proposed project. The other site was
documented as the foundations of a small sugar processing mill that is considered
to be a potentially eligible site for the National Register of Historic Places.
For the most part, the study area corridors have been disturbed by the processes
of urbanization; and recent land fills were encountered over much of the proposed
project area.

A1l cultural resources work will be conducted in compliance with
the National Historic Preservation Act of 1966, as amended (P.L. 89-655); and the
Archaeological and Historic Preservation Act, as amended (P.L. 93-291).

C. Socioeconomic Characteristics
1. Demographics. The Municipality of Barceloneta was established in
1881. It covers an area of 62.7 square kilometers (24.2 square miles). The

terrain is characterized by an extensive coastal flood plain in the north and a
series of karst hills to the south.
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The town of Barceloneta, which is the main urban center of the
municipality, is a relatively small, densely populated community located in the
western margin of Rio Grande de Manati (refer to Figure 1 and Photos 1 and 2).
Highways 2, 22, and 140 lead into the town. Flooding and karst hills terrain
have considerably inhibited the urban expansion of the town. According to the
U. S. Department of Commerce 1990 Census of Population for Puerto Rico, the town
has a population of approximately 5,000 persons.

. 2. Employment and labor force. Available information on labor and
income indicates that manufacturing is the most important economic activity in
the study area. The area referred to as Cruce Dévila, approximately 3 kilometers
southwest of the town and which is outside of the floodable area, has one of the
world’s largest concentration of pharmaceutical plants. There are 17 plants
employing over 3,400 persons. The area has potential for additional industrial
development because of the new Highway 22, connecting San Juan and Arecibo,
providing direct access to the town of Barceloneta, the availability of water,
tax exemption provisions of Section 936, and highly skilful labor force.

D. Land Use

The Rio Grande de Manati basin covers an area of about 98,437 acres.
About 61,280 acres are in crops and pastures; 34,346 acres are forest; and 2,811
acres are in urban or semiurban uses. The Rio Grande de Manati channel, its
estuary and its tributaries, numerous drainage and irrigation canals, wetlands,
highways and roads, and karst terrain cover the rest of the area.

Plate 2 shows existing and ongoing urban development within the town
of Barceloneta that is affected by floods. Area 1 includes the oldest portion
of town, municipal government facilities, and commercial center. Area 2 includes
recent commercial areas. Area 3 includes an industrial area. Areas 4 and 5
include public housing developments. Areas 6 and 7 include public schools.
Areas 8, 9, 10, and 11 include various recreation facilities. Areas 12, 13, 14,
15, and 16 include private residential areas, and Area 15 consists of a municipal
low income housing project consisting of 88 single family units completed in July
1993, The development was immediately sold out to appliicants in waiting list.
Area 17 includes the municipal public works facilities. Area 18 includes am
ongoing municipal housing project subsidized and financed by the Farmer’s Home
Administration consisting of 236 single family units. This housing development
is expected to be completed by 1995.

Flood plain regulations, PRPB Regulation 13, have limited the urban
expansion of the town. As shown in Plate 2, all lands to the east and north of
the town are classified as Zone 1 or floodway, in which no new development may
occur. Most of the lands west of the town are classified as Zone 2 or floodway
fringe, in which development may occur with adequate flood proofing measures
which avoid damages to developments.

Plate 2 also shows the main and secondary highways providing access to
and from the town of Barceloneta. Highway 140 provides access from the south,
connecting the town with San Juan, Arecibo, and the industrial area by primary
roads Highway 22 and Highway 2; Highway 682 provides access from the west;
Highway 681 provides access from developments along the north coastal area; and
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Highway 684 provides access from developments near the river mouth and the Puerto
Rico Aqueducts and Sewers Authority (PRASA) regional wastewater plant.

Practically all the lands in the coastal flood plain east of the river
are dedicated to agriculture, particularly for improved pasture and sugar cane
cultivation. Excellent soils, availability of water, and leveled lands provide
a potential for more extensive and intensive agricultural activity in the flood
plain. Over the years there have been various attempts to cultivate flood plain
Tands west of the river in the vicinity of Caflo Tiburones, particularly for
cultivation of sugar cane and pineapple. Recently, attempts to cultivate rice
in this land that is mostly below or near sea level have been unsuccessful mainly
because of the expense of continued pumping of groundwater through a system of
drainage canals, environmental concerns, salt water intrusion, and inferior
soils. A1l agricultural lands along the periphery of the town and most of the
flood plain belong to the Puerto Rico Land Authority, a state entity in charge
of administrating and preserving lands for agriculture, while vacant lands in the
process of being developed, west of the urban core, belong to the Municipality
of Barceloneta.

E. Future Conditions

1. Population and labor force. Considerable population and economic
growth in the study area, particularly in the town of Barceloneta, are expected
to occur. The completion of the De Diego Expressway (Highway 22) and improvement
of secondary roads would contribute significantly to this growth. The
diversification of the agricuitural sector, the location of new industries, and
the expansion of the services sector would stimulate further development of the
area. According to projections of the PRPB, the population of the Municipaiity
of Barceloneta is projected to increase from 18,942 in 1990 to 20,947 persons by
the _year 2000 or about 11 percent.

2. Land use. According to the PRPB Land Use Plan for the Year 1992,
the land proposed for future urban expansion is mostly located south of the town
of Barceloneta and to some extent west of Highway 681 near the industrial part
of the town. Plate 3 shows the proposed future urban development within the town
of Barceloneta. The proposed developments around the town of Barceloneta will
take advantage of the existing infrastructure, utilizing the excellent network
of highways, power, water, sewer, telephone, etc. Area 1 includes an ongoing
municipal housing project subsidized and financed by the Farmer’s Home
Administration consisting of 236 single family units. All the necessary permits
and financing have been approved and the 1and has been cleared for construction.
The land to be developed will be filled above the existing FEMA 100-year flood
elevation. Area 2 includes a municipal proposal for a sports compiex, housing
for the elderly, and a low income housing development of 125 single family units.
Area 2 is scheduled for development before 1996. Flood plain regulations, PRPB
Regulation 13, will continue to Timit the urban expansion of the town.

No additional new highways are planned for the near future, only
the maintenance and improvement of the existing ones. Practically all the Tands
in the flood plain east of the river and north of the town will continue to be
dedicated to agriculture, particularly for improved pasture and sugar cane.
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VII. PROBLEMS, NEEDS, AND OPPORTUNITIES
A. Flooding

1. General. The Rio Grande de Manati is a potential danger to the
lives of the residents of the study area and is a.source of frequent flood
damages. Floods can occur anytime during the year; however, they are most
frequent during the period of May through December. Large peak discharges result
from storm rainfall, generally associated with hurricanes, tropical depressions,
and northern cold fronts over or near the island. Cloudburst storms can occur
anytime during the year, and because of the steep slopes in the upper basin,
flash floods are another common type of event affecting this area.

There are two principal floodable areas within the basin. At the
upper basin the town of Orocovis, which is a short and narrow plateau. The more
significant floodable area is the broad and flat coastal area in the vicinity of
the town of Barceloneta. This report addresses the flooding problem in the town
of Barceloneta. Floods larger than the 2-year event inundate all the highways
and roads in the coastal flood plain.

Historical floods. Since the turn of the aentury, there have been
at least 15 damagmg floods on the Rio Grande de Manati. The most damaging and
largest flood of record occurred on September 13, 1928, although higher stages,
at least in the coastal area, occurred in August 1893, Both events were
associated with the passage of hurricanes.

In accordance with the U. S. Geological Survey Flood of October 5-
10, 1970, Puerto Rico, Water Resources Bulletin 12, 1972, the flood of record on
the Rfo Grande de Manat{ in recent {imes occurred on October 9, 1970. This flood
had an estimated recurrent interval of about 10 years. The discharge associated
with this flood was estimated at 2,315 cms (81,743 cfs) and stages in the
vicinity of Highway 2 reached 10.15 meters (33.3 feet) above mean sea level.
However, this previous flood of record was exceeded twice during 1985.

Other Targe floods in the Rfo Grande de Manati that caused at least
minimum flood damage occurred in; September 1932, August 1945, August 1956, May
1959, Sepiember 1960, August 1961, December 1965, November 1968, October 1970,
September 1975, August 1979, May and October 1985, November 1988, October 1989,
and January 1992. The dates of some of these events, elevations above mean sea
level (msl), and their peak discharges in cubic meters per second (cms) as
determined by the G5 at the Highway 2 gaging stations are shown on Table 2.

3. Recent floods. The town of Barceloneta was severely flooded twice
during 1985. The May 17-18, 1985, flood affected the entire town of Barceloneta.
The town of Barceloneta was declared a disaster area by the President (see Photos
4, 5, 6, and 7). According to records from the town of Barceloneta and the £S5,
flood stages for the May and October 1985 floods, throughout most of the town
were above 1 meter. Damages recorded by the local Civil Defense for public
buildings and facilities, residential developments, and conmercial establishments
exceeded $7.4 million for each flood. The following paragraphs describe both
flood events that had an estimated flood frequency of about 10 years.
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TABLE 2

RIO GRANDE DE MANATI DETAILED PROJECT REPORT

FLOOD DATA FOR RIO GRANDE DF MANATI
AT HIGHWAY 2, USGS STATION 50038100

Discharge Water Surface Elevation
Pate of Record in cms in _meters above msl
May 3, 1959 2,152 9.85
September &, 13960 1,756 9.73
December 11, 1965 2,005 9.80
November 9, 1969 1,929 10.00
October 9, 1970 2,315 10.15
May 18, 1985 2,548 ‘ 10.23
October 7, 1985 2,754 10.30
October 23, 1989 2,320 ) 9.42
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Severe flooding affected most of the north and north-central parts
of Puerto Rice during May 17-18, 1985, as a result of intense precipitation that
began on May 15 and continued through May 19. The rains were produced by a
nearly stationary low-pressure system that moved from the northwest on May 15.
During the next five days, almost continuous precipitation of varying intensity
was recorded throughout most of the south-central afd eastern part of Puerto
Rico. Precipitation totals for the 5 days of the storm ranged from 20
centimeters (8 inches) to 64 centimeters (25 inches). The most intense rainfall
occurred over an area extending west of a north-south line at the town of
Orocovis toward Mayagiiez (refer to Plate 1). A second cell of less intense
rainfall affected the Rio Grande de Loiza basin, in the eastern part of the
island. The recorded precipitation total for the 5-day period May 15-19 was
64.03 centimeters (25.21) inches at Jayuya. Flood stages at the town of
Barceloneta were greater and inundated about the same area as the 1970 flood.
Undefined conditions appear to- have caused backwater effects in several areas
along the Rio Grande de Manati flood plain.

Another intense precipitation induced by a nearly stationary
tropical depression occurred over most of southern Puerto Rico during October 6-
7, 1985. As much as 58.42 centimeters (23 inches) of rainfall occurred north of
the towns of Ponce and Coamo during a 24-hour period (refer to Plate 1). The
rainfall was equally distributed between the afternoon of October 6 and the early
hours of October 7. Less intense precipitation occurred on October 5. Similarly
less intense precipitation occurred on October 8 after the very intense storm of
October 7. Precipitation totals for the 4-day period (October 5-8) were as high
as 77.88 centimeters {30.66 inches). The urban area of Barceloneta was flooded
for the second time in 1985. Preliminary high-water marks surveyed in the center
of the town showed that the October 1985 flood was about 0.3 meters (I foot)
higher than the May 1985 flood.

4. Floodable area and property subject to flooding. The flooding
condition of the study area due to the Rio 6rande de Manat{ presented on this
report is the result of a detailed hydraulic and hydrologic investigation
performed as part of this study. The areas flooded under the existing conditions
are shown in Plate 4. It is estimated that the 100-year flood would affect over
5,680 acres of land in the coastal valley, most of which are agricultural fieldq
and wetlands. The number of structures affected by the potential floods of Rio
Grande de Manati, within the detailed study area, is summarized on Table 3. Some
1,084 structures, mostly residential, are affected by floods. The fourteen
industries affected by floods include, companies engaged in manufacturing
sophisticated high technology electronic equipment for communications, and
companies engaged in manufacturing fine ladies undergarment. Appendix E,
Economic Analysis, provides a detailed description of the property subject to
flooding.

5. Hurricane tides. Historically, the study area has never suffered
flood damages from hurricane or storm tides. According to the report Storm Tide
Frequency Analysis for the North Coast of Puerto Rico, prepared by NOAA in August
1983, the 100-year storm will produce an average maximum tide of 1.6 meters (5.3
feet) above mean sea level about 2 kilometers north of the town of Barceloneta;
the 500-year storm will produce an average maximum tide of 2.3 meters (7.6 feet)
above mean sea Jevel.
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TABLE 3
RIO GRANDE DE MANATI DETAILED PROJECT REPORT

NUMBER OF STRUCTURES SUBJECT TO FEDODING
IN THE DETAILED STUDY AREA

LAND USES

Eloed Residential Commercial Public MNonprofit Industrial
5-Year 131 8 8 1 g
10-Year 420 81 53 10 14
25-Year 748 91 53 10 14
50-Year 914 91 54 11 14
100-Year 814 91 54 11 14
SPF 914 81 54 11 14

Source: Field Survey U,$. Army Corps of Engineers.
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6. Potential flood damages. Under existing conditions, the 100-year
flood would produce damage of $25.4 million, while the Standard Project Flood
(SPF) would produce damage reaching $28.6 million. Average annual damages for
existing development are estimated to be $3.0 million. Most of the damage is
sustained by the residential and industrial areas. Table 4 shows damage
estimates for existing conditions by flood frequencies and land use categories.
These damages were developed by a detailed economic analysis of the study area.
Methods used on the development of economic data such as inventories and
assessment of structural and contents values are presented in Appendix E,
Economic Analysis.

7. Flood warning system. The Puerto Rico Department of Natural
Resources recently estabiished the Automated Local Evaluation in Real Time
(ALERT), a flash flood warning system installed in 18 of the largest watersheds
in Puerto Rico. ALERT consists of a network of rain gages together with stage-
discharge sensors throughout the island providing real time rainfall-runoff data
which is transmitted by a satellite telemetry system that allows monitoring the
behavior of selected streams with data updates every five minutes. The ALERT
system is jointly operated by the Depariment of Natural Resources, the National
Weather Service, the Geological Survey Water Resources Division, and the Civil
Defense.

In the Rio Grande de Manati basin the ALERT network consists of a
tota) of about 9 rain sensors and 5 stage-discharge sensors. The Rio Grande de
Manati ALERT system is very effective in providing advanced flood warning for the
densely populated areas within its lower flood plain. The actual warning time
under ideal conditions would be less than two hours. Two hours before the floods
reaches the town of Barceloneta, the Civil Defense and other relief agencies
would be notified by ALERT to proceed with the evacuation of residents in the
flood prone areas. The complicated process would save many lives, but leaves no
time and no additional resources for taking any measures to protect and save
structures contents.

B. Water Supply

There are substantial water resources potential in the Rio Grande de
Manati watershed. A 1980 Corps of Engineers study identified a mayor potential
water supply reservoir site in the upper part of the watershed with an estimated
firm yield of 360,000 cubic meters per day (94.1 million gallons per day). On
the other hand, PRASA is considering the option of tapping 150,000 cubic meters
per day (40 million gallons per day) through a surface diversion and transporting
the water through a pipeline into the San Juan Metropolitan Area. Also, recent
ground water studies by the Geological Survey, in the Barceloneta area,
identified a major artesian aquifer. A major constraint on water withdrawals
from the lower Rio Grande de Manati is the inland movement of the salt water
wedge with a reduction of flow. :

According to GS, future development of fresh water supplies in the
alluvial valley is limited to areas south of Highway 2. Large scale ground water
development in the Rio Grande de Manati valley is limited to wells tapping the
deep artesian aguifer.
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TABLE 4

RIO GRANDE DE MANATI DETAILED PROJECT REPORT

POTENTIAL FLOOD DAMAGE ESTIMATES FOR
EXISTING CONDITIONS WITHOUT PROJECT
($1,000 OF 1993)

Flood
Frequency Residential
5-Year 632
10-Year 1,772
25-Year 5,160
50-Year 6,332
100-Year 8,860
SPF 11,243

Expected annual damages:

39
400
1,491
1,600
2,468
3,074

$3,043,000

Commercial Public

79
400
1,024
1,088
1,247
1,366

32

Non

Profit

2
12
59
68

141
185

ndustr

2,549

7,009
11,477
11,477
11,478
11,478

Others  Jotal
668 3,969
751 10,344
993 20,204

1,097 21,662

1,220 25,414

1,256 28,602



C. Mater Quality

According to GS, the water from Rio Grande de Manati is of good quality
and suitable for most purposes. Analyses of samples collected since 1969 at the
gaging station on Highway 2 indicate that fecal contamination, perhaps from dairy
farms, may be the most serious water quality problem: The suspended sediment
load of Rio Grande de Manati was estimated by GS studies at approximately 100,000
tons. per year. On the other hand, according to GS studies, in some neglected
areas ground water is affected by one or a combination of problems including salt
water intrusion, presence of bacteria, and traces of organic compounds.

D. Salt Water Intrusion

Most of the Rio Grande de Manati north of Highway 2 lies within the
estuary part of the river. According to the GS, tidal effects have been observed
up to river mile 5.3, but actual inland advance of the salt water wedge has been
detected only to river mile 4.2. Fifty percent of the time the wedge lies at
Teast 3.5 miles upstream from the mouth. At zero discharge the maximum inland
extent of the wedge would be 6.8 miles upstream. The position of the salt water
wedge also affects to some extent all canals and streams connected to the river
along the estuary reach.

E. Erosion and Sedimentation

The central mountain range of Puerto Rico is comprised of igneous and
sedimentary rocks. The intensive processes of chemical weathering which
characterize the humid tropical climate have produced moderate and deep soil
profiles, which might fail during prolonged peried of rainfall. The most common
movements experienced in this physiographic province are localized landslides of
soil and rock. There is no evidence of probiems related to debris flows reaching
Highway 2 during past historical floods. At flood stage, the Rfie Grande de
Manati carries some sediments which are mainly deposited at the river mouth,
about 2 kilometers downstream of the proposed project. River sediments form a
perennial sandbar at the mouth. There is evidence that the sandbar is blown out
to the ocean after every flood (refer to Photo 3). Cultivated land in the steep
upland areas and the development of more land for residential and industrial uses
are the two most intensive sources of erosion in the basin. In general terms,
a shift from cropland acreage to grassland farming in upland areas would tend to
reduce the erosion rate.

F. Land Use

The topographic characteristics ard flood plain management regulative
restrictions of the study area have considerably limited the growth of the town
of Barceloneta, which is the major urban center within the municipality. The
Atlantic Ocean and floodway zening to the north, the river and floodway zoning
to the east, floodway fringe zoning to the west, and the karst topography to the
south are physical barriers that 1imit the growth of the town. Urban growth has
occurred on very small valleys between hay-stack-1ike karst hills adjacent to the
town and other built-up areas, on the floodway fringe, along the periphery of
Highway 2 and along Highway 681 just west of the urban core, and on some areas
separated from the traditional urban core (Cruce Ddvila and Garrochales).
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As population increases in the future, the demand for additional lands
for residential development would significantly increase. The PRPB intends to
accommodate this demand for future development by increased densification in the
already developed areas and by permitting developments in some of the floodway
fringe (PRPB Zone 2 west of urban core) and in some uplands away from the urban
core. Development of upland areas would require considerable investment in Tand
leveling and new infrastructure. Development of upland areas may result in a
significant increase of erosion and sedimentation, particularly toward the main
channels of Rio Grande de Manati.

G. Recreational Opportunities

The municipal and Commonwealth governments have considerably expanded
the sports and recreation facilities of the detailed study area during the last
five years. They include basketball, volleyball, and tennis courts; baseball and
softball fields; one boat ramp at the river; track and field facilities; the
ANCON Tinear park along the existing west bank of the river; and neighborhood
passive parks and play grounds. .

With the expected increase in population, the recreational demand of
the area would be much higher in the future, particularly with respect to
regional parks. In order to cope with the future recreational demands, the
Municipality of Barceloneta is proposing the construction of a sports and
recreation complex at a 40 acres track, along Highway 681, on the western edge
of the town. Area 2, shown in Plate 3, depicts the location of the propesed
municipal sports and recreation complex.

The Municipal ity of Barceloneta has verbally expressed their interest
to include recreation facilities on project lands as part of the recommended
flood control project. A 3.1 mile levee leisure/interpretive waik, active and
passive recreation facilities at the 11 acre track of agricultural lands made
unaccessible by the east levee located east of the urban core, and a boat ramp
with fishing pier near Highway 684 road ramp were proposed at one time. However,
since the cost of the recommended flood control project already exceedq the
maximum Federal participation of $5 million, there would be no Federal cost
sharing for recreation facilities. The local sponsor has not requested that a
Tocally financed recreation plan be included in the recommended plan. Therefore,
the recommended project does not include recreation facilities.

H. Hazardous and Toxic Wastes

There are no known Hazardous and Toxic Waste (HTW) sites within the
proposed project area. The lower Rio Erande de Manati flood plain has been used
exclusively for agricultural purposes. A negative HTW survey was conducted, on
February 1992, during the Detailed Project Report phase.

I. Flood Plain Development .
Executive Order 11988 ties together the need to protect lives and
property with the need to restore and preserve all natural and beneficial flood

plain values. The objective of the order is to avoid to the extent possible the
long and short term adverse impacts associated with the occupancy and
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modification of flood plains and to avoid direct and indirect support of
development wherever there is a practicable alternative. The test of what is
practicable depends upon the situation and includes consideration of many
pertinent factors such as environment, project cost, and present design and
construction technology.

The order is based in part on the National Environmental Policy Act
{NEPA) of 1969, and it adds new prominence to the environmental aspects of flood
plain management. Consideration must be given, therefore, to natural and
beneficial flood plain values and to the public benefits to be derived from their
restoration or preservation.

Saction 2(a){2) of the order requires that if an agency has determined
to, or proposes to, conduct, support, or allow an action to be located in a flood
plain, the agency shall:

1. Consider alternatives to avoid effects and incompatible development
in the flood plains.

2. Design or modify its action in order to minimize potential harm to
or within the flood plain.

3. Prepare and circulate a notice containing an explanation of why the
action is proposed to be located in the flood plain.

A1l plans considered and evaluated during the reconnaissance and
detailed project report phases have been carefully formulated to obtain the most
practical and feasible alternative in accordance with the flood plain
preservation requirements dictated by Executive Order 11988. The proposed
project minimizes impacts to flood plain values. Ongoing and proposed
development within the town (refer to Plate 3) would occur without a project.
Therefore, the project does not promote development of land in the flood plain.

K. Prime and Unique Farmlands

The Farmland Protection Policy Act, implemented under the Department
of Agriculture’s final rule effective 6 August 1984, requires the U. S. Army
Corps of Engineers to coordinate with the Soil Conservation Service for
identification of prime and unique farmland which might be impacted by the
proposed project. It is within the Corps’ discretion to proceed with a project
that would result in conversion of farmland to nonagricultural uses once the
potential impacts of the proposed action have been examined and other
alternatives to lessen the adverse effects have been considered. The final rule
also requires that the project, to a practicable extent, be compatibie with state
and local programs for the protection of farmlands. -

A11 plans considered and evaluated during the reconnaissance and
detailed project report phases have been formulated in accordance with the prime
and unique farmlands preservation requirements of the Farmland Protection Policy
Act. The proposed project minimizes impacts to prime and unique farmlands.
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VIII. PLAN FORMULATION RATIONALE
A. General

Plan formulation involved the identification, analysis, and evaluation
of alternative flood control management plans that addressed the planaing
objectives within a set of constraints, assumptions, and criteria. Several
alternatives or ways to reduce flood damages to the communities located in the
detailed study area are available. However, those alternatives for fiood control
that were believed to be detrimental to the valuable environmental and cultural
resources of the area, not practical or not cest effective were eliminated from
further analysis during the initial plan identification phase.

This report analyzes flood control alternatives along Rio Grande de
Manati at the town of Barceloneta and investigates various nonstructural
alternatives and some structura) alternatives previously identified during the
initial phase of this study along various alignments and for various levels of
protection.

During the initial phase, from February 1987 to December 1988, the most
attractive alternative consisted of 4,600 meters of earthen levees, 1,200 meters
long pilot channel, minimum interior drainage facilities, and two road ramps.
This alternative is similar to Preliminary Plan 3.

The plan formulation process had evelved considerably since the DPR
study began in March 1990. The evolution of the plan formulation process was
mainly due to: examining alternative alignments with and without relocation of
residential and public facilities scattered in the northeast section of town,
examining alternatives to minimize residual interior flooding, examining
alternatives to accommodate the ongoing urban expansion on the southwest portion
of town, examining alternatives to minimize land enhancement, examining
alternative east alignments to minimize impacts to the floodway, examining
alternative alignments to minimize impacts to cultural resources.

During the preliminary plan formulation, undertaken between May 1990
and February 1991, the same concept recommended in the reconnaissance phase was
maintained. For better identification and reference, the levee was divided in
two portions, the east levee from Culvert 1 to road ramp at Highway 140, and the
west levee from Culvert 1 to road ramp at Highway 682. The alternatives
considered in the reconnaissance phase as well as the DPR phase preliminary plans
maintained a west levee alignment about 150 meters west of Highway 681.

As a result of cultural investigatiens, a portion of the east levee
alignment was shifted to avoid an important burial site. Detailed hydraulic
analysis determined that the length of the pilot channel could be reduced to 785
meters. Geotechnical investigations determined that the southeast poertien of the
east levee could not be built without rerouting the river with a 760 meters long
pilot channel. Economic analysis determined that it was cost effective to
protect 28 residences, Tocated near Highway 684 ramp, as compared to relocating
them. The levee was therefore shifted eastward in that area. Hydraulic analysis
required shifting other portions of the east levee alignment cleser to town in
order to minimize increasing flood stages in the floodway by more than a foot.
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In February 1991 the DNR, the PRPB, and the Municipality of Barceloneta
announced during a technical Study Management Team meeting that the western levee
alignment was excluding vacant land in the process of being developed consistent
with FEMA and PRPB Regulation 13 (requiring flood proofing) and that the proposed
Jevee would dislocate the continuity of urban development and the provision of
public services in that area. Also, it was realized at that time that the levee
cannot tie-in to the ongoing developments because permits for those developments
were. based on building up or fiood proofing the area by placing compacted fill
above the FEMA 100-year flood elevation, which is about 1 meter lower than the
100-year stages determined under this study. Therefore, the sponsor and the
Municipality of Barceloneta requested that the alignment be shifted about 300
meters west to accommodate ongoing urban development in the town. The shifting
of the alignment required additional geotechnical, environmental, and cultural
investigations that added time and cost to the study. The revised alignment is
600 meters longer. However, the annual benefits accrued by protecting 325
additional residences ($90,000), offset the additional annual cost increase of
$72,000 due to the longer levee alignment.

During the plan formulation process the levee alignment was optimized
to minimize enhancing the agrfcultural lands within the levee. That is, the
agricultural lands within the levee should be for the purpose of residual
interior flooding management. The local sponsor expressed that at the time of
signature of the PCA, they intend to restrict the use of the lands in question
either through a special zoning from the Puerto Rico Planning Board or through
a written agreement with the land owner, the Puerto Rico Land Authority, to the
effect that the land in question will remain in agricultural use for the life of
the project.

B. Planning Objectives

An analysis of the study area’s problems, needs, and opportunities
relating to water and Tand related resources resulted in the identification of
six planning objectives. Of foremost importance is the solution of the flooding
problem that affects Barceloneta and threatens the 1ives and properties of its
residents. The specific objectives identified for this study are:

1. Safeguard the Tives of about 5,000 residents in Barceloneta.
Reduce property losses in the town of Barceloneta due to flooding.
Minimize disruption of economic and social activities.

Enhance opportunities for redevelopment throughout the study area.

o Ea W

Restore, enhance, and/or preserve environmental resources.

. Protect, preserve, or minimize impacts on significant historical
and cultural resources of the study area.
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€. -Planning Constraints

The planning constraints that 1imit or influence the type of measures
that were considered in this study include:

1. The scope of the study is limited to the flood prone area in the
town of Barceloneta,

© 2. Physical constraints related to the proximity of the urban
development to the river main channel,

3. Floodway encroachment by levees that may increase flood stages in
the Rio Grande de Manati flood plain.

4. The need to construct long highway ramps over high levees may
require highway relocation or changes in jevee alignment to meet with DOT design
requirements.

5. Ground elevation of ongoing developments under comstruction were
based on existing FEMA maps that are 1 meter Tower than the without project
conditions. Therefore, project levees cannot tie into ongoing developments.

6. The very high local runoff coming from the hills south of the town
that may influence the size and location of interior drainage facilities.

7. The large number of archeological and historical sites that could
be found within the study area.

8. Formulate plans in accordance with the flood plain preservation
requirements of Executive Order 11988, and Farmland Protection Policy Act.

D. Planning Assumptions and Criteria

Several engineering and economic assumptions and criteria were
established to guide the plan formulation and evaluation process.

1. fEngineering
a. FEach plan must be complete in itself.
b. High discharges, high velocities, and short time to peak
require that degree of protection and type of design mimimize potential for
catastrophic results should project works fail.

c. The design flood is to be based on most probable future
hydrologic conditions.

d. Proposed plans should minimize residual flooding and damages.

e. A pilot (bypass) channel was considered for Rio Grande de
Manat{ at areas were the levee cutoff the existing channel.
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f. Earthen Tevees were designed to have an alignment which would
provide flood protection to the existing and ongoing urban developments, minimize
real estate requirements while affording sufficient undeveloped area for
temporary storage of local runoff in order to reduce interior residual flooding
and eliminate the need for expensive pumping stations.

. Riprap and/or gabions armoring was considered for levees and
channels side s]opes in areas where high flow velocities are expected.

2. Economic and financial

a. Each plan must be justified in itself, and each separate
element of a plan must be incrementally justified.

b. For purpose of optimization of net National Economic
Development (NED), benefits not only are different plans examined, but similar
plans are examined for different degree of protection.

c. Total beneficial contributions of the each plan considered must
exceed the total adverse impacts, and one plan must maximize net NED benefits.

d. The study year is taken as 1993, the base year as 1998, and the
end of the planning period as the year 2048.

e. The structure values for future condition remain unchanged from
those for existing condition for the computation of annual damages; however, a
factor of 3.4 percent affluency i{s applied to the existing residential contents
value to estimate the value for future condition. The affluency factor is based
on economic data published by the PRPB (Statistical Appendix to the Governor’s
Economic Report for 1992). The maximum value of residential contents is limited
to 50 percent of the structure value.

E. Without Project Conditions

The without project conditions scenario would be equivalent to the no
action plan, which envisions no flood control works within the detailed study
area. Potential flood hazard to the 1ife, health, and property of the residents
in the area would remain as the most critical water-related problems. Persistent
disruption of productive economic activities resulting from flooding in the area
would impair further economic development. Relocation of all the activities in
the area seem unlikely because nowhere else are similar locations and
agglomeration economies available.

In terms of economic development, the future growth of the study area
would depend on the success of the Commonwealth and municipal government programs
to induce higher capital investment in agriculture, manufacturing, and trade.
Some factors that impact on future economic development in the area are the new
Tocal Industrial Incentives Act, the reduction in interest rates, the stability
of crude oil prices, and the preservation of tax benefits under Section 936 of
the U. S. Internal Revenue Code.
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The apparel, pharmaceutical, and high technology industry is expected
to remain as the most important source of income and employment in the study
area. The construction sector is also expected to make a significant
contribution to future economic development. The construction of new housing
developments, shopping malls, fast food centers, and the expansion of existing
facilities and infrastructure would contribute to theé®growth of the area.

The town of Barceloneta constitutes the growth center of the study
area. ' The PRPB adopted an urban expansion plan for the Municipality of
Barceloneta that delineated the vacant areas proposed for future urban
development within the municipality. Three distinct areas were identified, two
areas are located south of the town of Barceloneta and one is located west of
Highway 681 near the industrial park of the town. These areas will develop with
and without a flood control project. The without-project condition serves as a
benchmark to assess and evaluate the candidate flood-control plans.

IX. FORMULATION OF PLANS
A. Relevant Measures

Four nonstructural measures and four structural measures were
identified to fully or partially address the planning objectives identified in
a previous section. The nonstructural measures considered are flood plain
management, flood insurance, temporary and permanent flood plain evacuation, and
channel maintenance. Structural measures considered included channel improve-
ments, channel diversion, reservoirs, floodwalls, and levees. Measures
considered are described in the following paragraphs:

1. No Uy r

a. Flood plain management. The most important and relevant
nonstructural measure that the Commonwealth of Puerto Rico has to manage on
development in the study area’s flood-prone areas is the PRPB Regulation 13.
This regulation, which predates FEMA flood plain regulations and which in 1987
was revised to make it consistent with FEMA, regulates all new developments and
expansion of, or improvements to, existing developments in flood-prone areas.
However, the present FEMA 100-year base flood elevation in the town of
Barceloneta is about 1 meter lower than the 100-year flood stages computed for
this study. The PRPB had been advised of the need to update the present flood
insurance study and a request should be initiated by the PRPB (local NFI?
coordinator) to revise the fiood maps.

For a developer to receive a construction permit in a floed-
prone area he must establish through a hydrologic/hydraulic study that his
project is above the 100-year flood event or that it will not raise water stages
in the vicinity by more than 0.3 meters. According to the PRPB, during the last
3 years they have denied several permits for new developments in the study area’s
flood plain because they do not comply with PRPB Regulation 13. Flood plain
management regulations are assumed to be in effect under all plans. Flood plain
management, however, will have very limited effect in reducing potential flood
damages to existing development.
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b. Flood insurance program. The National Flood Insurance Program
(NFIP) is administered by the Federal Floed lnsurance Administration (FIA), which
is part of the FEMA. The PRPB serves as the local coordinating agency for the
Flood Insurance Program in Puerto Rico. Puerto Rico entered the Emergency Flood
Insurance Program (EFIP) in 1972 and entered the Reguldr Flood Insurance Program
in 1978. For purposes of the Flood Insurance Program, Puerto Rico is considered
a single community by the FIA.

Flood insurance would not reduce or eliminate the flooding
problem but it would serve to reimburse property owners for losses incurred. The
measure, however, seems to have been of very limited acceptance in Puerto Rico,
for despite frequent and significant flood damage, approximately only two percent
of the families 1iving in urban areas, not necessarily subject to flooding, have
acquired the insurance. Only during recent years some financial institutions
have required home buyers to purchase flood insurance as a condition for loan
approval. Though in most cases flood insurance is voluntary, it is expected to
be in effect under all plans considered.

c. mporary_and permanent flood plain_evacuation. Temporary
evacuation of persons and personal property from flood-prone areas could be
accomplished when a floed threat exists. Temporary evacuation can be very
effective when operated in conjunction with a reliable flood warning system and
where movable, damageable objects are concerned.

The ALERT system described in Section VII.A.7. is currently in
operation for the Rfo Grande de Manati basin. The system would work in
conjunction with an evacuation plan to non-floodable areas. This measure would
contribute to minimize the threat to the lives of the residents of the lower
flood plain area and would provide advanced flood warning for urban areas in the
basin.

Permanent evacuation of the flood plain areas could be used to
reduce flood damage potential. Such a measure involves land purchase, physical
removal of buildings and infrastructure, and relocation of population. Lands
acquired in this manner could be used for parks or other purposes that would not
interfere with flood flows or receive material damage from floods. The permanent
relocation of hundreds of concrete housing units and hundreds of commercial
establishments in a highly urbanized area is to a large extent impractical and
would have very little acceptance. Therefore, permanent evacuation is not
considered any further,

d. Stream cleanup program. This measure primarily consists of
removal of trash, debris, and sediments from the existing stream channel.
Experience with cleanup programs in other rivers in Puerto Rico suggest that such
works have the effect of restoring the natural capacity of the rivers. The
cleanup programs have proved to be very effective in alleviating the effects of
small periodic flooding; however, they do not contribute to solving the flooding
problem associated with intermediate and large floods. These floods are a
continuous menace in the study area.
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2. Structural measures

a. Flood proofing. Flood proofing is primarily structural changes
and adjustments which allow flood waters to rise around or within a building with
little or no damaging effects to the building. _However, flood proofing
techniques do not eliminate residual nuisance damage¥, loss of access, loss of
business, possible utility and community interruptions, and potential danger to
public health and safety.

b. Channel improvements. Widening and deepening the present
channel of Rio Grande de Manati and route realinement practically throughout the
flood plain would provide flood reltief in the study area at a very high cost.

During the reconnaissance phase, a plan was considered
consisting of a 6 kilometers long channel, one drop structure, levees and inflow
structures along the channel improvements to provide flood protection against the
100-year flood. An improved outlet to the ocean required jetties to stabilize
it and protect it from coastal sand movements. Salt water intrusion also needed
to be controlled. The implementation of this plan would cause considerable
environmental impacts. This plan would induce development in the flood plain and
violates the flood plain preservation requirements of Executive Order 11988 and
the prime and unique farmiands preservation requirements of the Farmland
Protection Policy Act. The cost such a flood control channel was estimated at
over $32 million. This measure was dropped from further consideration.

c. Floodwalls and levees. These measures preclude flood waters
from entering damage-susceptibie areas. They are considered in detail because
of the physical and environmental conditions of the study area, and also because
they appear as practicable, acceptable, and efficient control measures to solve
the flood problems in the study area. The physical conditions of the study area
are; the urban development is located to one side of the flood plain, there is
available open space and flat terrain, the availability of Jow undeveloped lands
that can accommodate interior residual flooding and eliminate the need for costly
pumping stations, and levee construction materials are readily available.

Levees or floodwalls, in conjuncticn with Timited channel
realignment at two locations where the river is too close to the urban area,
could provide considerable protection in the town of Barceloneta. A ring levee
would be required at the town of Barceloneta. A ring levee around the town of
Barceloneta would disrupt the existing storm drainage system and the natural
drainage pattern of the urban area. Interior drainage works would be necessary
as part of the ring levee measures.

d. Reservoirs. Reservoirs reduce flood levels by holding back
peak flood flows until downstream condition permit release. -They can also be
effective in fulfilling other water needs such as water supply and recreation.
Since the potential reservoir sites will not provide sufficient flood storage
capacity and the existing reservoirs are too small and located too far upstream
to provide any significant reduction of floods, no further analysis of flood
storage at these reservoirs was considered. On the other hand, the high cost of
designing and constructing a flood control reservoir, presently estimated at over
$50 million, undoubtediy would make the project not economically feasible.
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B. Description and Evaluation of Preliminary Plans

During the initial plan identification phase of this study, several
non-structural and structural measures were considered. The structural measures
included the construction of reinforced concrete floodwalls, earthen levees,
pilot channels, drainage structures, and acquisition Bf residential structures
combined inte four preliminary plans to provide protection against the SPF. The
most- feasible plan identified during the initial plan identification phase was
modified in accordance to input received during the initial technical meeting and
the plan was examined in more detail as final Tevee plans of the Detailed Project
Report phase.

At the time preliminary plans were examined they did not include
interior drainage channels and other features later discussed for the final
plans.  Also, preliminary plans do not considered protecting the ongoing
developments west of the town. Implementation of preliminary plans would also
have required relocating 236 houses currently under development. Cost of this
action is not included in the cost figures.

1. Plan ]. This plan consisted of a combination of 3,400 meters of
levees around the town of Barceloneta, a 1,200 meters long pilot channel, four
road ramps, and interior drainage facilities. The plan, shown on Figure 2,
provides flood protection against the 100-year flood. This plan required the
acquisition of 67 residential structures and relocation of 9 buildings at the
Municipal Public Works and Civil Defense faciiities, all estimated at about $5.4
million. Since levee is adjacent to developed areas in the northern part of the
town, the lack of sufficient agricultural lands to be used for residual interior
flooding management resulted in high residual damages that required construction
of a $3.0 million pumping station. The estimated first cost for this plan, at
November 1990 price levels, was $15.1 million. This plan was eliminated from
further analysis due to its high acquisition and relocation cost, high pumping
station cost, reduced inundation reduction benefits due to some residual flooding
at urban areas, higher operations and maintenance cost, and not being acceptable
to the Tocal community.

2. Plan 2. As shown on Figure 3, this plan consisted of a combination
of about 600 meters of floodwall and about 4,100 meters of earthen levees around
the town of Barceloneta, two road ramps, relocation of a 600 meters portion of
Highway 681, and minimum interior drainage facilities. This plan provided
sufficient agricultural lands, north and east of the town, to be used for
residual interior flooding management. The plan provides flood protection
against the 100-year fisod. Given the foundations conditions encountered, the
constructibility of a floodwall at the edge of the existing river bank will be
a major problem for the implementation of this plan. The plan also required the
acquisition of 32 residential structures. The aesthetics impacts of a floodwall
in such a panoramic and picturesque section of town would be unacceptable to the
municipal government and the local residents. Incremental costs associated with
the construction of the floodwall, about $600,000, were found not to be justified
when compared with Plan 3. The estimated first cost for this plan, at November
1990 price levels, was about $10.0 million. This plan was eliminated from
further analysis due to its high floodwall cost and constructibility problems.
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3. Plan 3. As shown on Figure 4, this plan consisted of a combination
of 4,600 meters of earthen levees around the town of Barceloneta, a 1,200 meters
Tong pilot channel, two road ramps, relocation of a 600 meters portion of Highway
681, and a drainage structure. The plan also required the acquisition of 32
residential structures. This plan provided sufficient agricultural lands, north
and east of the town, to be used for residual interior flooding management. This
plan provides flood protection against the 100-year flood. This plan replaces
the concrete floodwall included in Plan 2 with an earthen levee away from the
edge of town along the east bank of the river, cutting through the river oxbow,
and a pilot channel to restore the river channel cut by the levee. During the
initial plan identification phase, this plan demonstrated to be the most
practical and cost effective flood control alternative for the town of
Barceloneta, The estimated first cost for this plan, at November 1990 price
Tevels, was about $9.4 million. This plan was selected for further investigation
during the Detailed Project Report phase.

4. n 4. As shown on Figure 5, this plan consisted of a combination
of earthen levees, following the same alignment as Plan 3, around the town of
Barceloneta, a 2,800 meters long pilot channel, two road ramps, relocation of a
600 meters portion of Highway 681, and an interior drainage structure. The plan
also required the acquisition of 32 residential structures. The plan provides
flood protection against the 100-year flood. The additional length of the pilot
channel increased project cost by about $2.0 million without providing any
additional inundation reduction benefits. The estimated first cost for this
plan, at November 1990 price levels, was about $11.4 million. This plan was
eliminated  from further analysis due to its high pilot channel cest, larger
requirement for disposal areas, and its greater environmental impact.

X. DESCRIPTION AND ANALYSIS OF FINAL PLANS
A, General

Preliminary Plan 3 combining levees, pilot (bypass} channels, was
examined for three levels of protection, 50-year, 100-year and the 5PF, into
three final levee plans. Interior areas protected by the levees were analyzed
for minimum drainage facilities and for drainage facilities with a 2-year, 5-
year, and 25-year level of design. Plate 5 shows the alignment and features of
the final plans.

For purpose of description, the proposed Tevee is divided into an east
and west portion. The east and west portions includes levees sections to east
and west of Culvert 1. There is a north and a south pilot channel.

The final alignment of levees has the following significant variation
from those considered in the preliminary plams:

1. Design engineers determined that the southeast portion of the east

tevee could not be buiit without rerouting a portion of the river with a 760
meters long pilot channel in that area.
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2. The length of the original downstream pilot channel was reduced
from 1,200 meters to 785 meters.

3. The east levee alignment was shifted to protect some 67 residences
left without flood protection in the original alignment. With-project flood
stages near these houses will be higher. The cost of &tquiring these structures
was estimated at over $5.4 million, much mare than the cost of modifying the east
tevee alignment to protect them. .

4. The southern section of the west levee was shifted 300 meters
towards to the west to accommodate an ongoing low income families residential
development being built by the Municipality of Barceloneta and financed by the
Farmer’s Home Administration. The proposed development is consistent with FEMA
regulations and the PRPB regulation 13.

5, A portion of the southern alignment of the east leves was medified
to aveid an archaeological burial site.

6. The northern part of the west levee alignment was modified to
provide enough distance to elevate Highway 681 over the west levee without having
to relocate about 600 meters of Highway 681.

7. Additional smal} highway ramps were required at Highway 682 and
Highway 140 where the levee ties into high ground, and an agvicultural road ramp
on the east levee to provide access and avoid severance cosis to over 250 acres
of prime agricuiturai lands.

B. Description of Levee Plans

1. Planl. This levee plan considers the construction of 5,200 meters
of earthen levees around the town of Barceloneta and two pilot channels, about
1,545 meters long, in the Rio Grande de Manati. This plan would protect the
urban area against the 50-year flood. The east levee extends for about 3,000
meters starting at the north interior drainage structure (Culvert 1) and
continues east and southeast crossing Calle Plazuela and Highway 684, continuing
mainly towards the south crossing the river meander twice, and continuing south
near the sport complex and around Villa Gatalana residential development. The
west Teves would start at Culvert 1, and would extend for about 2,200 meters in
a south western direction across Highway 681 to end at high ground just across
Highway 682. The total length of the levee would be about 5.2 kilometers, with
an average height above ground of about 4.7 meters, 1 on 3 side slopes on the
east and north levees, 1 on 3.5 side slopes along the west levee, a levee crest
of 4.0 meters, and an average levee base of 34.1 meters. The general alignment
and important features of this plan are similar to the recommended pian {Plan 2)
and are shown on Plate 5.

The two portions of the existing Rio Grande de Manati channel
cutoff by the east levee would be replaced by two pilot (bypass) channels with
a total length of about 1,545 meters. The pilot channels are designed to be
stable and maintain Jow flow within its banks. The south pilot chamnel is
located about 50 meters south of the existing river chamnel near the south
eastern end of the project. The existing river channel would be filled to built
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the Jevee and drainage channel. The south pilot channel would have a trapezoidal
cross section with 1 on 4 side slopes and a 15 meters bottom width at elevation -
1.1 meters NGVD. The south pilot chanrnel and the levee near the pilot channel
would be revetted with riprap with bedding stone. The north pilot channel is
Tocated about 750 meters east of the existing channel. The existing river
channel would be filled, elevation 1.0 meters NGVD, add a small drainage channel
would be cut along the filled old channel. The north pilot channel would have
a trapezoidal cross section with 1 on 4 side slopes and a 15 meters bottom width
at elevation -2.2 meters NGYD. Portions of the north pilot channel would be
revetted with riprap and bedding stone.

This plan would require the construction of two small road ramps
over the Tevee at Highways 140 and 682 where the levee ties into high ground, two
large road ramps over the Tevee at Highways 681 and 684, and one small gravel
road ramp where the east levee preclude access to agricultural lands. Plan
impiementation would require acquisition of six residential structures,
relocation of a boat ramp, and relocation of existing utility lines impacted by
the levee at four locations.

The total first cost of this plan, at April 1993 price levels,
would be $9.5 million. The annual costs of this plan would reach $893,000, and
it would result in a 3.2/1.0 benefit-to-cost ratio. WNet National economic
development under this plan would be about $1,950,000.

2. Plan 2. This plan considers the same project features as described
for Plan 1, but it would provide a 100-year level of protection levee. The
proposed 100-year levee would have an average height above ground of about 5.4
meters, 1 on 3 side slopes on the east and north levees, 1 on 3.5 side slopes on
the west Tevee, a levee crest of 4.0 meters, and an average levee base of about
38.0 meters. The general alignment and important features of this pian are those
of the recommended plan and are shown on Plate 5.

The total first cost of this plan, at April 1993 price levels,

would be $10.6 million. The annual costs of this plan wmuld reach $987,000, and

_it would result in a 3.1/1.0 benefit-to-cost ratio with a Net National Economic
Development of about $2,047,000. .

3. Plan 3. This plan considers the same project features as described
for Plan 1, but it would provide a SPF level of protection levee. The proposed
SPF levee would have an average height above ground of about 6.2 meters, 1 on 3
side slopes on the east and north levees, 1 on 3.5 side slopes on the west levee,
a levee crest of 4.0 meters, and an average levee base of about 44 meters. The
general alignment and important features of thiq plan are similar to the
recommended plan (Plan 2) and are shown on Plate 5.

The total first cost of this plan would be $12.7 million. The
annual costs of this plan would reach $1,181,000, and it would result in a
2.7/1.0 benefit-to-cost ratio. Net National Economic Development benefits under
this plan would amount to about $1,991,000.
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C. Description of Interior Drainage Alternatives.

These consist of a series of channels, culverts, and structures
providing interior drainage for the collection and disposal of interior runoff
trapped inside the levees. Regarding interior drainage facilities, the following
alternatives were considered for optimization of level of design:

1. Alternative Interior Drainage }. A ring levee around the town of
Barceloneta would required at least a minimum interior drainage facilities due
to the disruption of the existing storm drainage system of town and the natural
drainage pattern of lands by the construction of levees. This plan considers
minimum interior drainage facilities to collect and dispose of urban runoff
caused by a local rainfall event to economically minimize residual flooding.

Minimum interior drainage facilities would consist of 5,230 meters
of drainage channels along the protected side of the levee, drainage channels
culverts under two highway ramps, and two drainage structures. Flood stages
within the levee for the 100-year will be reduced from a pre-project elevation
of 5.1 meters NGVD to a post-project elevation of 2.7 meters NGVD. The drainage
channels would be constructed with a triangular cross section with an average
depth of fiow of 1.5 meters and an average top width of 9.0 meters. The drainage
channels would collect and direct storm water into the drainage structures. Some
236.5 acres of mostly agricultural lands located to the north and east of town
would still be subject to interior flooding. The interior drainage structures
would consist of corrugated metal pipe culverts with flap gates, to prevent
backflow, and concrete headwalls. Corrugated metal pipe culverts for interior
drainage would be provided under Highway 681 ramp and the agriculitural road
access ramp. The total first cost of this plan, at November 1991 price levels,
would be $0.7 million. The total annual cost of this plan would reach $65,700.
This is the least expensive interior drainage alternative, that would be required
to restore the natural existing drainage characteristics of the area.

2. ativ rior Draina . This plan considers a 2-year
Tevel of design interior drainage facilities to coliect and dispose of urban
runoff caused by a local rainfall event.

The proposed 2-year interior drainage facilities would consist of
4,840 meters of drainage channels along the protected side of the levee, drainage
channels culverts under two highway ramps, two ponding areas and two drainage
structures. The drainage channels along the east and north levees would be of
trapezoidal cross section with a bottom width of 2.0 meters and an average depth
of flow of 2.0 meters. The drainage channels along the west levee would be of
trapezoidal cross section with a bottom width of 35.0 meters and an average depth
of flow of 2.0 meters. The drainage channels would collect and direct storm
water into the ponding areas and from there into the drainage structures. A 39.5
acres excavated ponding area at agricultural lands, north of Calle Plazuela, was
included in this plan. Some 236.5 acres of mostly agricultural lands located to
the north and east of touwn would still be subject to interior flooding. The
interior drainage structures would consist of corrugated metal pipe culverts with
flap gates, to prevent backflow, and concrete headwalls. The total first cost
of this plan, at November 1991 price levels, would be $2.6 million. The annual
costs of this plan would reach $232,600.
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3. Alternative Interior Drainage 3. This plan considers a 5-year
Tevel of design interior drainage system. A 57.2 acres excavated ponding area
at agricultural lands, north of Calle Plazuela, was included in this plan. Some
236.5 acres of mostly agricultural lands located to the north and east of town
would still be subject to interior flooding. The total first cost of this plan,
at November 1991 price levels, would be $3.7 million.” The annual costs of this
plan would reach $324,500.

4. rnatlse Interior Drainage 4. This plan considers a 25-year
Tevel of design interior drainage system. An 87 acres excavated ponding area at
agricultural lands, north of Calle Plazuela, was included in this plan. Some
236.5 acres of mostly agricuitural lands located to the north and east of town
would still be subject to interior flooding. The total first cost of this plan,
at November 1991 price levels, would be $6.2 million. The annual costs of this
plan would reach $564,200.

D. Analysis of Final Plans

1. General. The purpose of this analysis is te arrive at a
recommended plan on the basis of the contributions of the final plans to the
planning objectives and the trade-offs among the plans. Table § is a summary of
the significant impacts for each levee plan considered in detail with minimum
interior drainage facilities. The table includes NED benefits as well as
environmental, social, cultural, and regional impacts. This table contains
pertinent data to evaluate the final plans on the basis of their contribution to
the system of accounts. Interior drainage alternatives 2, 3, and 4 are
eliminated, from further amalysis, since they do not provide additional net
benefits they are not incrementaily justified.

The construction of a road ramp at Highway 684 will affect one
significant historic period archaeological site. The site has been determined
to be significant only for its information potential, and archaeological data
recovery will collect information adequately to mitigate adverse effects.
Mitigation costs are estimated at $45,000, and will not exceed 1 percent of the
federal flood control cost.

The construction of a fiood control project would take 140 acres
of agricultural land for levees, channels, and highway ramps. Construction of
Tevees would require about 706,000 cubic meters of fi11 which would come from two
nearby commercial quarries (see Plate B-2, Appendix B). The construction of
channels would require the excavation of about 197,000 cubic meters of material.
About 50 percent of the excavated material would be deposited at channels cutoff
from the river and at the 6 acres disposal area located along the flood side of
the west levee and the rest would be utilized for the construction of levees.

2. Plan 1. This plan would significantly reduce the flooding problem
in the town of Barceloneta, affected by overbanking of Rio Grande de Manati.
Flood damages would be reduced by 85 percent. The construction of levees under
this plan would require the acquisition of 3 structures with severe access alone
Highway 684 that would also remain in the floodway, and 3 additional structures
where the levee ties to high ground. The plan would require raising Highways
140, 681, 682 and 684 at levee crossings.
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The plan would provide protection for 0.96 square kilometers (237
acres) of existing urban developments, 0.40 square kilometers (100 acres) of
. lands in the process of urban expansion, and 0.96 square kilometers (237.5 acres)
of mostly agricultural lands which would serve for residual interior flooding
management when there is substantial rainfall.

There would be temporary adverse impacts on air quality, water
quality, and aquatic life from clearing and excavating during the construction
of levees, pilot channel, and transportation of fill material. Other than the
use of some 136 acres of land for construction of levee, no other major
significant permanent environmental adverse impacts are expected to result from
the implementation of this plan.

3. Plan 2. This plan which protects against the 100-year flood would
substantially reduce the flooding problem in the urban area of the town of
Barceloneta. This plan would have essentially the same impacts as Plan 1, except
that the temporary and permanent environmental adverse impacts would be more
extensive because of the larger levee footprint (142 acres). The reduction of
flood damages is 92 percent.

4. Plan 3. This plan which protects against the SPF would have the
same features and impacts as Plan 2, except that the permanent environmental
adverse impacts-would be more extensive because of the larger levee footprint
{153 acres). This plan would eliminate 95 percent of potential flood damages.

S. No action plan. The no-action plan supposes continued suffering
by thousands of residents in the town of Barceloneta. In the case of the Rfe
Grande de Manatf, a "no-action" plan would require acceptance of about $3.0
million in average annual damages to existing properties. This would not be
acceptable to the residents of the study area. The "no-action” plan would result
in a physical deterioration of the study area and would seriously undermine its
potential for further economic development. Inhabitants of the area would
continue to suffer social and economic stresses associated with frequent
fleoding. Continuous government relief would be necessary to help the victims
of the frequent flooding of the area.

XI. RECOMMENDED PLAN OF IMPROVEMENTS
A.  Description of Components

1. General. The recommended pian consist of praviding a ring levee,
two pilet channels, minimum interior drainage facilities, relocation of ene boat
ramp, four highway ramps, and one agricultural ramp for fleod protection for the
town of Barceloneta. The recomnended plan would provide 100-year flooed
protection for the flood prone areas of the town of Barceloneta due to overflows
from Rio Grande de Manati. Agricultural lands would still be fleoded by interior
runoff which for all conditions is less severe than under existing conditions.
The alignment and most important structural features of the recommended plan are
shown on Plate 5.
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The recommended plan considers the construction of 5,200 meters of
levees around the town of Barceloneta and 1,545 meters of pilot channels in the
Rio Grande de Manati. The east Jevee extends for about 3,000 meters starting at
the north interior drainage structure (Culvert 1) and continues east and
southeast crossing Calle Plazuela and Highway 684, continuing mainly towards the
south crossing the river meander twice, and continuing south near sport complex
and around Villa Catalana residential development. The west Tevee would start
at Culvert 1, and would extend for 2,100 meters in a south western direction
across Highway 681 to end at high ground just across Highway 682. The total
Tength of the levee would be about 5.2 kilometers, with an average height above
ground of 5.4 meters, 1 on 3 side slopes on the east and north levees, 1 on 3.5
side slopes on the west levee, a levee crest of 4.0 meters, and an average levee
base of 38 meters. For purpose of safety and to maintain clear an evacuation
route to the south should 1arger than design flood occur, the northern 500 meters
stretch of levee was designed as an overtopping section.

The two portions of the existing Rio Grande de Manati channel cutoff
by the east levee would be replaced by pilot (bypass) channels. The pilot
channels are designed to be stable and maintain Tow flow within its banks. The
south pilot channel is located about 50 meters south of the existing river
channel near the south eastern end of the project. The existing river channel
would be filled to built the levee and drainage channel. The south pilet channel
would have a trapezoidal cross section with 1 on 4 side slopes and a 15 meters
bottom width at elevation -1.1 meters NGVD. The south pilot channel and the
levee near the pilot channel would be revetted with riprap with bedding stone.
The north pilot channel is located about 750 meterq east of the existing channel.
The existing river channel would be filled, elevation 1.0 meters NGVD, to built
the drainage channel. The north pilot channel would have a trapezoidal cross
section with 1 on 4 side slopes and a 15 meters bottom width at elevation -2.2
meters NGVD. The north pilot channel would be revetted with riprap and bedding.

The recommended plan considers the construction of a minimum interior
drainage facilities to collect and dispose of urban rumnmff caused by a local
rainfall event. The interior drainage facilities are required due to the
disruption of the existing storm drainage system and the natural drainage pattern
of the urban area by the construction of flood control levees. The proposed
minimum drainage facilities would consist of 5,230 meters of drainage channels
along the protected side of the levee, drainage channels cuiverts under two
highway ramps, and two drainage structures on the levees. The drainage channels
would be constructed with a triangular cross section with an average depth of
fiow of 1.5 meters and an average top width of 9.0 meters. The drainage channels
would collect and direct storm water into the drainage structures. Corrugated
metal pipe culverts for interior drainage would be provided under Highway 681
ramp and the agricultural road access ramp. The drainage structures, Culvert 1
and Culvert 2, consist of corrugated metal pipe culverts with flap gates and
concrete headwalls. Two large areas of mostly agricultural lands, 57.5 acres on
the east and 179.0 acres on the north, would serve for stmring most of the
residual flooding caused by interior runoff (refer to Plate A-2). Flood stages
on this land, however, for the 100-year will be reduced from a pre-project
elevation of 5.1 meters NGVD to a post-project elevation of 2.7 meters NGVD.
This would allow for its continued use in agriculture.
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The recommended plan would require the construction of two small road
ramps over the levee at Highways 140 and 682, two large road ramps over the levee
at Highways 681 and 684, and one agricultural road ramp where the east levee
preclude access to agricultural Tands. Plan implementation would require
acquisition of six residential structures, relocation of a boat ramp, and
relocation existing utilities impacted by the levee at four locations.

. The total first cost of this plan, at April 1993 price levels, would
be $10.6 million. The annual costs of this plan would reach $942,000, and it
would result in a 3.2 benefit-to-cost ratio. Net benefits for this plan are
$2,086,000.

2. i nsi ion

Agsg_s_s_&d_ngm&mg_tm Existing town streets, state
highways and agncultural roads in the vicinity of the project would provide
adequate access for construction and future maintenance.

b. Construction methods. Excavation of materials for the pilot
channels and interior drainage channels would be accomplished by bulldozer,
front-end loader, or other similar types of equipment. Suitable material from
the pilot channels and interior drainage channels would be used for the
construction of Tevees and filling the river oxbow being cut-off by the levee.
Excess material and material unsuitable for construction would be hauled to the
nearby disposal area along the flood side of the west levee.

c. Real estate requirements. It is estimated that construction
of the Tevees and drainage channel would require 76.2 acres, the road ramps would
require 23 acres, 21 acres of severance 1and, while the construction of the pilot
channels would require another 24.3 acres, and the disposal area 6.8 acres.

d. Operation and maintenance. The Jocal spensor would be
responsible for maintenance of the proposed project upon completion of the
construction contract. The contractor would be responsible for all maintenance
during the construction contract. The annual operations and maintenance for
flood control features was estimated at $37,000 a year.

B. Economics of Recommended Plan

1. General. The tangible economic justification of the recommended
pian was determined by comparing the average annual charges with the estimated
average annual equivalent benefits anticipated to accrue over the economic life
of the project. A discount rate of 8.0 percent was used to discount cost and
benefits over a project life of 50 years.

2. Cost estimate. Construction cost estimates for the proposed
project, showing quantities and unit prices costs, are presented in Table C-1,
Appendix C, Design and Cost Estimates. Estimates of first costs were based on
April ]993 price levels and a construction period of 24 months. Table 6
summarizes each feature cost, the total first cost, interest during construction,
total investment cost, operahon and maintenance cost, and total annual cost.
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TABLE 6

RIO GRANDE DE MANATI DETAILED PROJECT REPORT

COSTS ESTIMATES OF RECOMMENDED PLAN
($1,000 of April 1993)

ECONOMIC COST

Roads and Ramps 1,011
Utilities 370
Channels and Canals 1,430
Levees 4,840
TOTAL CONSTRUCTION COST 7,651
Real Estate 1,410
P. L. 21-646 .--
Cultural Resources Preservation .-
Planning, Engineering, and Design 525
Construction Management 788
TOTAL FIRST COSTS 10,374
Interest During Construction 696
TOTAL INVESTMENT COSTS 11,070
Interest and Amortization 905
Annual Operation and Maintenance Cost 37
TOTAL ANNUAL COST 942

NOTES: Figures include appropriate contingency costs.

FINANCIAL cOST
1,011
370
1,430
4,840
7,651

1,410
203

45

525
788
10,622

Detailed estimates are shown in Appendix C, Design and Cost Estimates.
Discounted at current interest rate of 8 percent.
The economic cost is related to the economic analysis on Table 7.

The financial cost is related to the project cost sharing on Tabie 8.

60



3. Benefits. Tangible benefits to be derived as a result of the
proposed prdject result from urban inundation reduction and employment benefits.
Annual agricultural inundation reduction benefits were calculated but they were
so insignificant (less than $3,000) that it was decided not to include them in
the economic analysis. On the other hand, relatively small employment benefits
were inciuded to assist the local sponsor in explaining one important local
benefits of the project. The base year for project analysis was 1998.

C. Summary of Impacts

Table 7 summarizes the economic impacts of the recommended plan for the
project as a whole. Detailed cost estimates are presented in Appendix C, Design
and Cost Estimates, while details on benefits associated with the plans are
discussed in Appendix E, Economic Analysis. The benefit to cost ratio for the
overall plan is 3.2/1.0. Net NED benefits are about $2.1 million annually.
Implementation of project would produce directly and indirectly net regional
annual income of $5,223,000 and 168 temporary man years and 127 permanent jobs.
Most of these jobs would be associated with the intensification of commercial or
industrial facilities and housing in the enhanced study area.

The construction of a road ramp at Highway 684 will affect one
significant historic period archaeological site. The site has been determined
to be significant only for its information potential, and archaeological data
recovery will collect information adequately to mitigate adverse effects.
Mitigation costs are estimated at $45,000, and will not exceed 1 percent of the
Federal flood contrel cost.

D. Implementation Responsibilities

1. Federal responsibility. The Federal Government would design and
prepare detailed plans, and construct the project (exclusive those items
specifically required of non-Federal interests), this being subject to approval
of this report, future funding, and upon completion of a contractual agreement
for local cooperation as required by Section 221 of the 1970 Flood Control Act,
and upon completion of ctontribution of the Federal Government under curreat cost
sharing policy would be the maximum authorized $5.0 million.

2. Non-Federal responsibility. The local sponsor would be required
to provide all lands, easements, and rights-of-way; alterations or acquisition
of structures; alterations and relocations to highway bridges and public
utilities; to hold and save the Federal Government from damages due to the
construction works; and to properly maintain, replace, repair, rehabilitate and
operate all works after completion of the project, including establishing and
enforcing regulations, to assure the flood control project accomplishes its
objectives. In addition, the Jocal sponsor is responsible for a cash
contribution to cover the flood control cost in excess of $5.0 million. This
later figure includes cost of reconnaissance and detailed project report.

3. (Cost sharing. Table 8 shows cost sharing of total first cost of
the project as established in the Water Resources Development Act of 1986. The
non-Federal costs, required from the local sponsor, would be those associated
with easements, rights-of-way, acquisition of structures, relocation of
utilities, and modifications to roads. These costs would amount to $2,994,000
and represent 28.2 percent of the total flood control cost of the project. As
required by law, the non-Federal sponsor would also have to contribute the
minimum 5 percent in cash of the total flood control cest of the project, that
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TABLE 7

RIO GRANDE DE MANATI DETAILED PROJECT REPORT
SUMMARY OF ECONOMICS FOR RECOMMENDED PLAN

{81,000 of April 1993)

TOTAL FIRST COST
Interest During Construction

TOTAL INVESTMENT COST

Interest and Amortization
- Annual Operation and Maintenance:

TOTAL ANNUAL COST

Annualized Benefits
: Inundation Reduction
: Employment

TOTAL ANKUAL BENEFITS

Net NED Benefits

BENEFIT-T0-COST RATIO
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10,374
696
11,070

905
37
242

2,982



TABLE 8

RIO GRANDE DE MANATI DETAILED PROJECT REPORT
RECOMMENDED PLAN =

COST SHARING OF TOTAL FIRST COS
(81,000 of April 1993)

Total First Cost 10,622

Non-Federal Cost:

Lands and Damages 1,613
Road and Ramps 1,011
Relocation of Utilities 370

5% of Flood Control Cost
Minimum Cash 531

Additional Cash Contribution
because project cost
surpasses $5 million

federal limit 2,488
TOTAL NON-FEDERAL SHARE 6,013
FEDERAL SHARE 4,609"

“Difference with 1imit of $5.0 million for Section 205 studies account for
cost of reconnaissance and detailed project reports.
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js, another $531,000 in addition to the 1lands, easements, right-of-ways,
acquisition of structures, relocation of utilities, and bridge replacements. In
this project the local sponsor would also have to contribute an additional
$2,488,000 in cash because the cost of the project goes beyond the $5.0 million
Federal 1imit. Already some $391,000 in Federal funds have been expended in the
reconnaissance and detailed project reports. The Federal contribution for the
flood control project to inciude plans and specifications would therefore be
$4,609,000, while the non-Federal contribution would total $6,013,000.

The local sponsor shall perform environmental investigations to
identify the existence and extent of any hazardous substances regulated under the
Comprehensive Environmental Response, Compensation and Liability Act {CERCLA),
42 USC 9601-9675, on land necessary for construction, operation, and maintenance.
A1l actual costs incurred by the local sponsor which are properly allowable and
allocable for the performance of any such environmental investigations shall be
included in the total project cost and cost shared as a construction cost in
accordance with Section 103 of Public Law 99-662. 1f any project lands are found
to contain hazardous substances regulated under CERCLA, the local sponsor should
promptly notify the Federal Government. Any costs incurred with the clean up of
hazardous materials located on project lands and response cost covered under
CERCLA are considered a non-Federal responsibiiity.

4. Institutional arrangements. The Department of Natural Resources
(ONR) of the Commonwealth of Puerto Rico would be the local sponsor and
cooperating agency for the project. The DNR would organize a coordinating
committee of representatives of the Department of Transportation and Public
Works, the Puerto Rico Aqueduct and Sewer Authority, the Puerto Rice Electric
Power Authority, the Puerto Rico Land Authority, the Municipality of Barceloneta,
the Puerto Rico Planning Board, the Puerto Rico Environmental Quality Board, the
Office of the Budget and Management, and residents of the study area.

§. Steps to plan implementation. Submission of this report by the
District Engineer constitutes the first step in a chain of events that must take
place before a flood control project can become a reality. It may be modified
at any stage of review, and only if it successfully passes each stage will it
ultimately be constructed. These events are:

a. Review and approval of the Rio Grande de Manat{ Detailed
Project Report and the environmental assessment by South Atlantic Division,
Washington Level Review Center, and Office of the Chief of Engineers.

b. Fulfillment of the required measures of local cooperation,
including cost sharing and lands, easements, rights-of-way, acquisitions and
relocations.

c. Completion of the necessary additional detailed topographic
surveys, cultural investigations, geotechnical explorations, preparation of plans
and specifications, and an estimate of the construction cost by the District
Engineer and acquisition of permits, followed by an invitation for bids and
awarding of the construction contracts.

d. Allocation of funds by Chief of Engineers for construction.
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E. Coordination

The study was developed and worked out in close coordination with the
Puerto Rico Department of Natural Resources, the local sponsor; the Puerto Rico
Planning Board; the State Historic Preservation Officer; the Municipality of
Barceloneta; the U. S. Fish and Wildlife Servicej the U. S. Geological Survey;
and the Environmental Protection Agency.

. The local sponsor will read and will concur with the findings of the
report and will provide a Letter of Intent supportine the reportis conclusiens
and recommendations. The Draft Project Management Plan (PMP} and Project Cost
Agreement (PCA) will be discussed with the Tocal sponsor. The Letter of Intent,
PMP, and PCA will be included in the final report.

F. Financial Analysis

During several coordination meetings with the local sponsor, the Corps
field office has discussed and explained the recommended plan for a flood control
project for Rfo Grande de Manati at Barceloneta under the continuing authority
of Section 205. The local sponrsor understands their responsibilities for
contributing with all lands, easements and right-of-ways, relocation of
utilities, and the acquisition of buildings and structures necessary for the
implementation of the recommended plan. The local sponsor understands the
Federal requirement for contributing a minimum of 5 percent cash of the total
flood control first aosts. The local sponsor understands that the maxfimum
Federal share for the project including study cost is Vimited tm $5.0 million.

Options for financing -the lecal share and assessing the fimancial
feasibility of the project were also discussed. The Tocal sponsor has expressed
their support for the recommended plan and their intent to comply with all
requirements as outlined in the report. Also, they have presented their plan to
finance ‘the local share imn the project by annual appropriations frem the
Commonwealth legislature for the capital improvement program for flood control
works managed by the Puerto Rico Department of Natural Resources. These funds
will be combined with funds obtained from selling of Commonwealth of Puerto Rico
bonds for infrastructure development. The funds, now being programmed by the
sponsor, will cover their share of the total first cost for construction of the
project in accordance with the detailed project report and latest PMP.

6. Ability to Pay
The application of the ability to pay criteria does not change the
project cost allocation.
XII. CONCLUSIONS
The Rio Grande de Manati Detailed Project Report shows that flooding is a
major preblem threatening 1ife, property, and economic development in the town
of Barceloneta, Puerto Rico. It is economically justified and considered

necessary to develop and construct a flood control project along the Rio Grande
de-Manati at the town of Barceloneta.
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The recommended plan provides for a combination of channel construction and
levees along the Ric Grande de Manati to protect over 914 families against the
100-year flood. The recommended plan proposes the following works; the
construction of about 1,545 meters of pilot channels and about 5,200 meters of
earthen levees.

1 have given consideration to all significant aspects in the overall public
interest, including engineering feasibility, economic, social and environmental
effects, The recommended plan described in the report provides the optimum and
most ‘practical solution for flood protection along the Rio Grande de Manati in
the vicinity of the town of Barceloneta within the framework of the formulation
concepts.

XI11. RECOMMENDATIGHS

1 recommend that the recommended plan for flood damage reduction along Rio
Grande de Manati at Barceloneta be approved under the authority contained in
Section 205 of the 1948 Flood Control Act, as amended, with such modifications
as in the discretion of the Chief of Engineers may be advisable, be authorized
for implementation as a Federal project, with such modifications as advisable at
the discretion of the Chief of Engineers, for a total first cost to the United
States estimated at $4,609,000 and a benefit-to-cost ratio of 3.1 to 1.0 provided
that, except as otherwise stated in these recommendations, the exact amount of
non-Federal contributions shall be determined by the Chief of Engineers following
polices satisfactory to the President and the United States Congress prior to
project implementation, in accordance with the following requirements to which
non-Federal interests must agree prior to implementation:

1. 'Provide all lands, easements, and rights-of-way, including suitable
horrow and material disposal areas necessary for construction, operation and
maintenance of the Project;

2. Accomplish all necessary alterations and relocations to public
roads, railroads, bridges (except existing railroad bridges), pipelines, cables,
and other facilities, required for construction, operation and maintenance of the
Project;

3. Provide a cash contribution of 5 percent of the total project first
cost assigned to structural flood control;

. 4. In no instance shall the Government’s share of total project cost,
including all preauthorization planning {reconnaissance report, detailed project
report, etc.), exceed $5,000,000. The local sponsor shall pay all project costs
in excess of the Federal cost limitation of $5,000,000 (including cost of
reconnaissance and DPR).

5. Operate and maintain the Project after completion, including
accomplishment of any needed repairs, replacements or rehabilitation of any
Project components in accordance witih directions of the Federal Government; -



6. Hold and save the United States free from damages due to the
construction, operation and maintenance of the Project, except for damages due
to the fault or negligence of the United States or its contractors;

7. Prior to initiation of construction, enact ordinances and
promulgate regulations to prevent construction and encrpachment on the levees and
channels and other project works that would reduce their flood carrying capacity
or hinder maintenance and operation, and control development in the project area
to prevent an undue increase in the flood damage potential;

8. Prevent future encroachments which might interfere with proper
functioning of the Project;

9. Participate in and comply with applicable Federal flood plain
management and flood insurance programs;

10. Publicize flood plain information in the area concerned and provide
this information to zoning and other regulatory agencies for their guidance and
leadership in preventing unwise future development in the flood plain and in
adopting such regulations as may be necessary to prevent unwise future
development and to ensure compatibility with the protection levels provided by
the Project;

11. No less than once a yeaf inform affected interests of the
Vimitations of the protection afforded by the Project;

12. Assume complete financial responsibility for the cleanup of
hazardous materials located on project lands and regulated under the
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA),
and be responsible for operating, maintaining, vepairing, veplacing, and
rehabilitating the project in 2 manner so that Hiability will not arise under
CERCLA;

13. After the time of entering the Project Cooperation Agreement,
perform any environmental investigations as determined necessary to identify the
existence and extent of any hazardous substances regulated under CERCLA on any
Tands needed for.project construction, operation and maintenance;

14. Comply with the reguirements of Section 221 of the Fiood Control
Act of 1970, Public Law 91-611, as amended, in executing a written agreement with
the Federal Government to furnish its required cooperation for the Project;

15. Comply with Section 601 of the Title VI of the Civil Rights Acts
of 1964 {Public Law 88-352) and Depariment of Defense Directive 5500.11 issued
pursuant thereto and published as part 300 of Title 32, Code of Federal
Regulations, as well a Army Regulation 600-7 entitled 'Nondiscrimination on the
Basis of Handicap in Programs and Activities Assisted or Conducted by the
Department of the Army.";
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16. Comply with the applicable provisions of the Uniform Releocations
Assistance and Real Property Acquisition Policies Act of 1970, Public Law 91-646,
approved January 2, 1971, in acquiring lands, easements, and rights-of-way for
construction and subsequent eperation and maintenance of the project, and inform
all affected persons of applicable benefits, policies, and procedures in
connection with said Act;

.This recommendation is made with the provision that, prior to
implementation, local interest enter into a Project Cooperation Agreement with
the Department of the Army to provide the items of non-Federal responsibility
stiputated above.

The recommendations contained herein reflect the information available at-
this time and current Departmental policies governing formulation of individual
projects. They do not reflect program and budgeting priorities inherent in the
formulation of a national civil works construction program nor the perspective
of higher review levels within the Executive Branch. Consequently, the
recommendations may be modified before it is approved and funded by the Chief of

Engineers.
éiRENC'é C. SAL

Colonel, Corps of Engineers
Commanding
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SUPPLEMENTAL REPORT
RIO GRANDE DE MANATI AT BARCELONETA A
PUERTO RICO

L INTRODUCTION

The Rio Grande de Manati at Barceloneta Detailed Project Report (DPR) and
Environmental Assessment (EA) were completed in March 1994 under Section 205 of the
Flood Control Act as amended. The final report and EA were approved by the Office of the
Chief of Engineers on November 8, 1994. The DPR presents the results of investigations into
flooding and related problems resulting from the overflow of Rio Grande de Manati at the
town of Barceloneta, Puerto Rico. The DPR was prepared in response to a letter dated
September 11, 1986, from the Puerto Rico Department of Natural and Environmental
Resources (DNER) for assistance in reducing flooding from Rio Grande de Manati at
Barceloneta. Funds to initiate the Plans and Specifications (P&S) were allocated in fiscal
year 1995. P&S were completed and approved in September 1997, '

This Supplemental Report presents a revised cost estimate, an updated economic
analysis, and an environmental resources update as of October 1997. It evaluates the
authorized project and the refined detailed design developed for Rio Grande de Manati at
Barceloneta during the preparation of Plans and Specifications during 1995-1997. A
Supplemental Report is required because more than three years have elapsed since approval
of the Detailed Project Report and the local sponsor, DNER, is actively pursuing individual
congressional authorization for construction of the flood damage reduction project under the
General Investigations program. The approved DPR as updated by this supplemental report
with respect to economics of project and cost sharing will become the decision document for
the proposed change in authority for construction.

. AUTHORIZED PROJECT

A. Project Authority. The Rio Grande de Manati at Barceloneta Detailed Project
Report was authorized by the continuing authority of Section 205 of the Flood Control Act of
1948 as amended. It has been extensively coordinated with the local sponsor, the Puerto
Rico Department of Natural and Environmental Resources; the Municipality of Barceloneta;
the residents of the area; and the local and federal resource agencies.

Subsequent to completion of DPR and initiation of P&S, under Section 205 of
the Continuing Authority Program, the Committee on Public Works and Transportation
of the U.S. House of Representatives adopted a resolution on September 28, 1994,
authorizing a General Investigations study. No funds have been appropriated to do this
General Investigations study. This Supplemental Report should close the
Congressional Resolution for the study. Since the flooding problem and damages in
Barceloneta are so severe and frequent, in order to avoid delays in implementing’a flood
control project, at the request of the Sponsor, DNER, initiation of the P&S proceeded under
the Continuing Authorities Program.
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B. Description of the Study and Project Area. The Rio Grande de Manati basin is
located in the north central region of Puerto Rico. The Rio Grande de Manati criginates at an
elevation of about 800 meters (2,625 feet} above mean sea level, and flows in a slightly
northwesterly direction through a belt of limestone hills typified by the karst terrain, a deep
and narrow canyon-like valley, and across an alluvial flood plain before finally emptying into
the Atlantic Ocean. The main stream is about 90 kilometers (55.9 miles) long. The total
watershed area is approximately 447 square kilometers (172 square miles). The coastal
alluvial flood plain at the lower end of the basin extends for about 25 kilometers and
averages approximately 2 kilometers in width. Practically all the land in this coastal plain is
subject to periodic flooding. The focus of this report is the town of Barceloneta, in the coastal
flood where riverine flooding is a major frequent problem. The Municipality of Barceloneta
covers an area of 62.7 square kilometers and has a population of approximately 39,000 as of
1996,

C. Degcription of the Recommended Project. The scope and design of the project
has not changed since DPR was completed. The recommended project, which. is the NED
plan, consists of a ring levee, two pilot channels, minimum interior drainage facilities,
relocation of one boat ramp, three highway ramps, and one agricultural ramp to provide flood
protection for the town of Barceloneta. The recommended project would provide 100-year
flood protection for the flood prone areas of the town of Barceloneta. The ali t and
most important structural features of the recommended project are shown on Figure 1.

The recommended project includes the construction of 5,300 meaters of levees
around the town of Barceloneta and 1,620 meters of pilot channels for the Rio Grande de
Manati to the east of the town. The eastern section of the zing levee extends for about 3,200
meters starting at the north interior drainage structure (Culvert 1) and continues east and
southeast crossing Calle Plazuela and Highway 684, continuing mainly towards the south
crossing the river meander twice, and continuing south near the municipal sports complex
and around Villa Catalana residential development. The western section of the ring levee
starts at Culvert 1, and extends for 2,100 meters in a south western direction across
Highway 681 to end at high ground just across Highway 682. The total length of the ring
levee is about 5.8 kilometers, with an average height above ground of 5.4 meters, 1 on 3 side
slopes on its east and north sections, 1 on 3.5 side slopes on its west part. The levee has a
crest of 3.0 meters, and an average base of 38 meters. For purpose of safety and to maintain
clear an evacuation route to the south should larger than design flood occur, the northern 400
meters stretch of the levee was designed as an overtopping section.

The two portions of the existing Rio Grande de Manati channel cut off by the
eastern section of the levee are replaced by pilot (bypass) channels. The pilot channels are
designed to be stable and maintain low flow within its banks. The south pilot channel ia
Jocated about 50 meters south of the existing river channel near the south eastern end of the
project. The existing river channel would be filled to build the levee and drainage channel.
The south pilot channel would have a trapezoidal cross section with 1 on 3 side slopes and a
15 meters bottom width at elevation -1.1 meters NGVD. The north slope of the south pilot
channel and the levee slope adjacent to the pilot channel would be protected with gabions.
The north pilot channel is located about 750 meters east of the existing channel. The existing
river channel would be filled to elevation 1.0 meters NGVD. The north pilot channel would
have a trapezoidal cross section with 1 on 3 side slope and a 15-meter bottora width at
elevation -2.2 meters NGVD.
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The recommended project includes the construction of a minimum interior
drainage facilities to collect and dispose of urban runoff caused by a local rainfall event. The
interior drainage facilities are required due to the disruption of the existing storm drainage
system and the natural drainage pattern of the urban area resulting from the construction of
the flood control ring levee. The proposed minimum drainage facilities consist of 5,230
meters of drainage channels along the protected side of the levee, drainage channels culverts
under two highway ramps, and two drainage structures on the levees. The drainage
channels would be constructed with a triangular cross section with an average depth of flow
of 1.5 meters and an average top width of 9.0 meters. The drainage channels would collect
and direct storm waters into the drainage structures. Corrugated metal pipe culverts for
interior drainage are provided under Highway 681 ramp and the agricultural road access
ramp. The drainage structures, Culvert 1 and Culvert 2, consist of corrugated aluminum
pipe culverts with flap gates and concrete headwalls. Two relatively large areas of mostly
agricultural lands, 57.5 acres on the east and 179.0 acres on the north, serve temporarily for
storing most of the residual flooding caused by interior runoff. Flood stages on this land,
however, for the 100-year is reduced from a pre-project elevation of 5.1 meters NGVD to a
post-project elevation of 2.7 meters NGVD. This would allow for its continued use in
agriculture.

The recommended project also requires the construction of one small road ramp
over the levee at Highways 682, two road ramps over the levee at Highways 681 and 684, and
one agricultural road ramp where the eastern part of the levee precludes access to
agricultural lands. Project implementation requires acquisition of seven residential
structures, relocation of a boat ramp, and relocation of existing utilities impacted by the levee
at four locations.

The total first cost of this project, at October 1997 price level, is $13.4 million.
The total annual costs is $1,053,000, while the total annual benefit is $4,243,000. The
project results in net benefits of $3,170,000 and a 4.0/1.0 benefit to cost ratio.

D. Items of Local Cooperation. A Project Cooperation Agreement (PCA) will be
executed between the Federal Government and the non-Federal sponsor as a legal and
binding document identifying the sponsor’s duties and obligations for the project. The PCA
cannot be executed until construction funds have been appropriated. The items of local
cooperation are those required under the General Investigations Program.

Should this project be specifically authorized by Congress, it would be subject to cost
sharing as required by Public Law 99-662, the Water Resources Development Act of 1986,
as amended by Section 202 of Public Law 104-103, the Water Resources Development Act
of 1996 and the non-Federal sponsor agreeing to comply with applicable Federal laws and
policies, including the following requirements:

(1) Provide a minimum of 35 percent, but not to exceed 50 percent, of total project

costs allocated to structural flood control for the NED plan as further specified
below:
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(a) Enter into an agreement which provides, prior to
construction, 25 percent of preconstruction engineering and design (PED) costs;

(b) Provide during construction any additional funds needed to
cover the non-Federal share of PED costs;

(c) Provide, during construction, a cash contribution equal to 5 percent of
total project costs;

(d) Provide all lands, easements, and rights-of-way, including suitable
borrow and dredged or excavated.material disposal areas, and perform or assure the
performance of all relocations determined by the Federal Government to be necessary for
the construction, operation, and maintenance of the project;

(@) Provide or pay to the Federal Government the cost of providing all
retaining dikes, wasteweirs, bulkheads, and embankments, including all monitoring
features and stilling basins, that may be required at any dredged or excavated material
disposal areas required for the construction, operation, and maintenance of the project; and

(f) Provide during construction any additional costs as necessary to make
its total contribution equal to 35 percent of total project costs.

(2) Provide all lands, easements, and rights-of-way, and suitable borrow and
dredged or excavated material disposal areas, and perform or ensure the performance of all
relocations determined by the Federal Government to be necessary for the construction,
operation, and maintenance of the project;

(3y Provide all improvements required on lands, easements, and rights-of-way
to enable the proper disposal of dredged or excavated material associated with the
construction, operation, maintenance, repair, replacement, or rehabilitation of the project.
Such improvements may include, but are not limited to, retaining dikes, wasteweirs, .
bulkheads, embankments, monitoring features, stilling basins, and dewatering pumps;

(4) Provide during construction any additional amounts as are necessary to
make its fotal contribution equal to 35 percent of total project costs assigned to structural
flood control;

{5} For so loag as the project remains authorized, pay 106 percent of costs io
operate, maintain, repair, replace, and rehabilitate the completed project or functional
portion of the project prescribed by the Federal Government;

(6) Give the Federal Government a right to enter, at reasonable times and in
a reasonable manner, upon property that the non-Federal sponsor now or hereafter owns
or controls for access to the project for the purpose of inspection, and, if necessary after
failure to perform by the non-Federal sponsor, for the purpose of completing, operating,
maintaining, repairing, replacing, or rehabilitating the project. No completion, operation,
maintenance, repair, replacement, or rehabilitation by the Federal Government shall
operate to relieve the non-Federal sponsor of responsibility to meet the non-Federal
sponsor’s obligations. or to preclude the Federal Government from pursuing any other
remedy at law or equity to ensure faithful performance;
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(7) Hold and save the United States free from all damages arising from the
construction, operation, maintenance, repair, replacement, and rehabilitation of the project
and any project-related betterments, except for damages due to the fault or negligence of
the United States or its contractors;

(8) XKeep, and maintain bocks, record, documents, and other evidence
pertaining to costs and expenses incurred pursuant to the project in accordance with the
standards for financial management systems set forth in the Uniform Administrative
Requirements for Grants and Cooperative Agreements to State and Local Governments at
82 Code of Federal Regulations (CFR) Section 33.20;

(9) Perform, or cause to be performed, any investigations for hazardous
substances as are determined to identify the existence and extent of any hazardous
substances regulated under the Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA), 42 U.8.C. 9601-9675, that may exist in, on, or under lands,
casements, or rights-of-way that the Federal Government determines to be required for the
operation, maintenance, repair, replacement, and rehabilitation of the project. However,
for the lands that the Federal Government determines to be subject to the navigational
servitude, only the Federal Government shall perform such investigations unless the
Federal Government provides the non-Federal sponsor with prior specific written direction,
in which case the non-Federal sponsor shall perform such investigations in accordance
with such written direction;

(10) Assume complete financial responsibility, as between the Federal
Government and the non-Federal sponsor, for all necessary cleanup and response costs of
any CERCLA vegulated materials located in, on, or under lands, easements, or rights-of-
way that the Federal CGovernment determines to be required for the operation,
maintenance, repair, replacement, or rehabilitation;

{(11) As between the Federal Government and the non-Federal sponsor, the
non-Federal sponsor shall be considered the operator of the project for the purpose of
CERCLA liability. To the maximum extent practical, operate, maintain, repair, replace,
and rehabilitate the project in a manner that will not cause liability to arise under
CERCLA;

(12) Comply with the applicable provisions of the Uniform Relocation
Assistance and Real Property Acquisition Policies Act of 1970, Public Law 91-646, as
amended by Title IV of the Surface Transportation and Uniform Relocation Assistance Act
of 1987 (Public Law 100-17), and the Uniform Regulations contained in 49 CFR Part 24, in
acquiring lands, easements, and rights-of-way required for the operation, maintenance,
repair, replacement, and rehabilitation of the project, including those necessary for
relocations, borrow materials, and dredged or excavated material disposal, and inform all
affected persons of applicable benefits, policies, and procedures in connection with said act;
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{13) Comply with all applicable Federal and Commonwealth laws and

regulations including, but not limited to, Section 601 of the Civil Rights Act of 1964, Public

. Law 88-352 (42 U.8.C. 2000d), and the Department of Defense Directive 5500.11 issued

pursuant thereto, as well as Army Regulation 600-7, entitled “Nondiscrimination on the

Basis of Handicap in Programs and Activities Assisted or Conducted by the Department of

the Army;” and Section 402 of the Water Resources Development Act of 1986, as

amended (33 US.C. 701b-12), requiring non-Federal preparation and
implementation of flood plain management plans;

(14) Provide 35 percent of that portion of total cultural resource preservation,
mitigation and data recovery costs attributable to flood control that are in excess of 1
‘percent of the total amount authorized to be appropriated for flood control;

(15) Participates in and comply with applicable Federal flood plain
management and flood insurance programs;

(16) Within 1 year after the date of signing a project cooperation agreement,
prepare a floodplain management plan designed to reduce the impact of future flood events
in the project area. The plan shall be prepared in accordance to guidelines developed by
the Federal Government and must be implemented not later than 1 year after the
completion of construction of the project;

(17) Prescribe and enforce regulations to prevent obstruction of or
encroachment on the project that would reduce the level of protection it affords or that
would hinder operation and maintenance of the project;

(18) Not less than once each year, inform affected interests of the extent of the
protection afforded by the project; and

(19) Publicize floodplain information in the area concerned and provide this
information to zoning and other regulatory agencies for their use in preventing unwise
development in the floodplain and in adopting such regulations as may be necessary to
prevent unwise future development and to ensure compatibility with protection levels
provided by the project.

E. Project Sponsor. The Puerto Rico Department of Natural and Environmental
Resources (DNER) as the local sponsor and representative of the Commonwealth of Puerto
Rico has, in letter dated May 1998, restated its strong support for the proposed flood
control project (refer to.enclosure 1). The DNER has the institutional responsibility for the
planning, programming, and the construction of flood conirol measures for the
Commonwealth of Puerto Rico. It receives annual appropriation from the local legislature
for this mission from the island’s capital investment program. The source of funding for
this program is recurrent general income to the Commc Ith and the i of capital
improvement bonds.

F. Coordination. The flood control project as well as its refinements made during
the Plans and Specifications Phase were developed and worked out in close ¢oordination with
the Puerto Rico Department of Natural and Envir tal R ces, the Jocal sp ; the
Puerto Rico Planning Board; the Puerto Rico Highway and Transporiation Authority; the
Puertc Rico Land Authority; the Puerte Rico Electric Power Authority, the Puerto Rico
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Agueduct and Sewer Authority; the State Historic Preservation Officer; the Puerto Rico
Environmental Quality Board; the Municipality of Barcelonets; the U. 8. Fish and Wildlife
Service; the U. S. Geological Survey; and the Environmental Protection Agency; and the
residents of Barceloneta.

The DNER and the local legislature are programming annual appropriations of
funds to cover their share of total first cost for construction of the project in accordance with
the latest Project Management Plan (PMP). The DNER has been coordinating with all other
local agencies for land acquisition, roads and utilities relocations since the completion of the
Detailed Project Report.

Hi. CHANGES IN APPROVED PROJECT

A, Differences from Detailed Project Reporf. There are no significant and relevant
physical, engineering, and environmental impacts between project approved in the DPR of
1994 and project presented in this supplemental report of 1998 for Rio Grande de Manat{
at Barcaloneta, Puerto Rico.

B. Environmental Update. The feasibility-phase study for the project
ended in a Detailed Project Report and Environmental Assessment (EA). After
coordination of the EA with Federal and Puerto Rico agencies, the Finding of No
Significant Impact (FONSI) was signed on March 24, 1994. In October, 1994, the
Puerte Rico Environmental Quality Board (PREQB) issued a "Certification of
Environmental Document” for the EA, signaling that the document had met all
Commonwealth environmental evaluation reguirements. At that time EQB
accepted an application for a Water Quality Certificate (WQC). The WQUC was
issued on August 15, 1995, It has no expiration date. Other environmental
commitments carried forward from the EA include (1) carrying out a survey for
Puerto Rican boas on proposed guarry (borrow) sites; and {2) archeological data
recovery in the one identified National Register eligible historic site. The boa
survey is underway. No quarrying will occur in identified boa habitat. The .
archeological data recovery will occur prior to construction, as provided for in
the BA, and coordinated with SHPO. There have been no substantive changes in
the  project, thus all existing concurrences are still valid, and all prior
commitments have been or will be met.

C. Changes in Project Costs and Benefits. Tablea 1 and 2 show 1993 and 1997
costs and benefits associated with project approved in DPR. The 3.4 percent affluency
factor to residential contents utilized in determining inundation flood benefits in
the DPR was not included in the updated benefits of this Supplemental Report.
Total first cost of project increased from $10,622,000 to 13,364,000 between 1993 and 1997
{(Enclosure 2 shows the detailed MCASES for the 1997 cost estimate). Total benefits and
net benefits increased $4,243,000 and $3,190,000, respectively. The benefit cost ratio
inereased from 3.2 to 4.0 for the approved project.

83



TABLE 1

SUPPLEMENTAL REPORT ~

RIO GRANDE DE MANATI AT BARCELONETA

COST ESTIMATES OF RECOMMENDED PLAN
($1,000 of 1993 and 1997)

CoST ITEM 1993 1997
Roads and Ramps $ 1,011 $ 1,222
Utilities 370 152
Channel and Canals 1,430 1,973
Tevees 4,840 6,137
TOTAL CONSTRUCTION COST $ 7,651 $ 9,484
Real Estate $ 1,410 $ 1,528
P.L. 91-646 203 219
Cultural Resources Preservation 45 45
Planning, Engineering, and Design 525 950
Construction Management 788 1,138
TOTAL FIRST COSTS $10,622 | $13,364
Interest During Construction 696 588
TOTAL INVESTMENT COSTS $11,318 | $13,952
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TABLE 2

SUPPLEMENTAL REPORT
RIO GRANDE DE MANATI AT BARCELONETA

SUMMARY OF ANNUAL COSTS
AND BENEFITS OF RECOMMENDED PLAN
($1,000 of 1993 and 1997)

1993 1997
ANNUAL CosT"
Interest and Amortization $ 905 $1,032
Annual O&M 37 20
TOTAL $ 942 $1,053
ANNUAL BENEFITS
Inundation Reduction 2,982 4,199
Employment 43 44
TOTAL $3,025 $4,243
Net NED Benefits 2,083 3,190
BENEFIT TO COST RATIO 3.2 4.03

*Does not include cost for PL 91-646 and cultural resources preservation.

The increase in the cost is a reflection of refined cost estimates for the project
features and cost inflation for construction. The increase in benefits results from higher
replacement costs for structures and contents and more intensive use of some facilities
that in 1993 were underutilized. The increase in values for structures and content were
developed for each land classification separately (residential, commercial, public, etc.); and
a replacement value adjusted for depreciation: for each structure of the different uses was
developed using construction costs data from local construction companies and
recent applicable comparable appraisals and sales of properties in the area which
include data on costs of replacement. Value of land is excluded from the
replacement cost. This data were obtained from various sources: construction
companies in the Barceloneta area and the P. R. Property Registry Cadastre Sales
data, the P.R. Appraisers Comparable Sales Data System Report (1997), and the
MunicipalRevenue Collection Center data. This data compared with the real rate of
growth of economic indicators published by the P. R. Planning Board for Internal Gross
Product and expenditures in housing at constant prices which reflects an estimated
increase of approximately 3.2 percent for the 1994-1997 period. However, most of the
increase in average annual damages resulted from the intensification of use of some
49,500 square feet of industrial space that were underutilized in 1993. Damage to the
structures as such were included in the 1993 DPR. The structures are now being
utilized by the expansion of General Instruments Corp. and Playtex Apparel, Inc. under a
long term agreement with the local Economic Development Administration. According to
information provided by the plants managers, these plants have very expensive
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manufacturing machinery and equipment and maintain a relatively large inventory of
materials for processing. The intensification of use the industrial building is
consistent with Puerto Rico Planning Board Regulation 13, which establishes
guidelines and procedures for managing flood plain areas. This Regulation is
consistént with FEMA flood plain management policies and guidelines.

IV. COST SHARING

Table 3 shows cost sharing of total first cost of the project, as established by Public
Law 99-662, the Water Resources Development Act of 1986, as amended by Section 202 of
Public Law 104-303, the Water Resources Act of 1996. P&S costs incurred as part of
Section 205 will be treated as PED costs and will be included in the authorized
project costs for cost sharing purposes. The non-Federal costs required. from the
local sponsor would be those associated with relocations ($1,374,000); lands, easements,
and rights-of-way ($1,747,000); a minimum of 5 percent cash of flood control first costs
($668,000); plus additional cash of $888,000 to reach the minimum of 35 percent
contribution of the total first cost for flood control. Thus, the total non-Federal cost share
would be $4,677,000 and the Federal cost share would be $ 8,687,000.

TABLE 3
RIO GRANDE DE MANAT AT BABCELONETA
COST SHARING OF TOTAL FIRST COST
($1,000 of October 1997)
ITEMIZED ELEMENTS TOTAL | FEDERA NON-
L FEDERAL
Levees and Channels * $10,198 $10,198
Roads, Utilities, and Relocations 1,374 $ 1,374
Lands and Damages 1,747 1,747
Cultural Resources Preservation 45 45
Total First Cost $13,364
5% of Flood Control Cost Contribution -668 +668
Subtotal $9,675 $ 3,789
35% Minimum Contribution 4,677
50% Maximum Contribution v 6,682
Contribution Adjustment (to reach 35% - 888
minimum) 888
Total 313,364 3 $ 4,677
8,687

* Includes costs assdciated with Channels ($1,973K), Levees ($6,137K), PED
(8950K), and CM (§1,138) as shown in MCACES.
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V. CONCLUSION

The Rio Grande de Manati at Barceloneta Supplemental Report demonstrates that
flooding is a major problem threatening the life, property, and economic development of the
residents of Barceloneta, Puerto Rico. The report confirms that there are no significant
changes in the recommended project and that it is still economically justified and needed to
solve a serious flooding problem in town of Barceloneta.

VI. RECOMMENDATIONS

The reevaluation of the engineering, economics, and environmental impacts of the
Rio Grande de Manati at Barceloneta flood control project as refined by the detailed
investigations conducted during the preparation of Plans and Specifications and have
found that the project continues to be economically justified. Project refinements made
during the development of the Plans and Specifications for Rio Grande de Manati at
Barceloneta are within the original project scope. The project is environmentally
acceptable. '

The recommendation contained herein reflects the information available at this
time and current departmental policies governing formulation of individual projects. It
does not reflect program and budgeting priorities inherent in the formulation of a national
civil works construction program nor the perspective of higher review levels within the
executive branch. Consequently, the recommendations may be modified before it is
transmitted to Congress as a proposal for authorization and implementation funding.
However, prior to transmittal to Congress, the sponsor, the Commonwealth of Puerto Rico;
interested Federal agencies; and other parties will be advised of any modifications and will
be afforded an opportunity to comment further.
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¥ Box SORBAG

« the Tierra Station

s PR, O0906-66(1)

L(I87)723-8734

TR T2N4255

GovernmenT oF PuerTo Rico
Department of Natural
and Environmenial Resources

5 MAY %38

Cof.. Joe R. Miller

Jacksonville District

Deputy District Engineer

U.S. Army Corps of Engineers
P.O. Box 4970

Jacksonville, Florida 32232-0019

Dear Colonel Miller:

RE: RIO GRANDE DE MANATI FLOOD CONTROL PROJECT AT
.BARCELONETA, PUERTO RICO

. We have reviewed the Supplemental Report to the Rio Grande de
 Manati Detailed Project Report (DPR) for flood control at Barceloneta.

This is to restate our support fo the conclusions and. recommendat:ons of
the DPR-as well as the Supplemental Report.

We fully understand the revised cost sharing in accordance with the

federal policy established in the Water Resources Development Act of
1996 and we intend to fulfill all the items of local cooperation described

 in the Suppiemental Report.

Our Department. will secure by annual appropriations from the Puerto

" Rico - Legislature the. local: share funding necessary for project

implementation.

Cordially, /A

Daniel Pagan Rosa
Secretary

JAA/RAH/JGL fjaa
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Tue 05 May 1998 U.S. Ammy Corps of Engineers
Date 10/01/97 PROJECT MANOO1: RIO MANATI AT BARCELONETA - DETAILED PROJECT REPORT
PRELIMINARY PROJECT COST ESTIMATE TITLE PAGE

RIO MANATI AT BARCELONETA
DETAILED PROJECT REPORT
FOR LEVEE PROTECTION OF

By: LLE
Estimated By: M. Derez

Prepared By: M. Perez

Preparation Date: 09/16/97
Effective Date of Pricing: 10/01/97
Est Construction Time: 540 Days

Sales Tax: 0.00%

This report is not ; but the &
contained herein is For Official Usé Only.
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Tue 08 May 1998 .S, Army Corps of Engineers
Date 10/01/97 PROJECT MANOOL: RIU MANATI AT HARCELONETA - DETAILED PROJECT REPORT
3o NOTES PRELIMINARY PROJECT COST ESTIMATE TITLE PAGE

“the project consists of excavating an 800 meter and a 760 meter long pilot
in the and bf the viver respectivaly.
Both pilot channels would be constructed with a 1S meter bottom width and
side slopes of MM on 1V, Geo_u'q_\niul assuption s that 50% of the excavated
is for levee consti . the material would be
used to backfill a segment of the original river weander which will be
isclated by placement of the East Levee.

an ige aystem consisting of shallow canals would be comstructed

on the inside periwetex of the levee system. It was cstimated that 50% of

the material excavated from these drainage canals is suitable for leves

cemgtruction; the other 50% of unsuitable material will be hauled to the N
onsite disposal area.

In addition to the excavation a main ring levee will be constructed to watisfy
the hydraulic requirements associates with the 100 year flood svent. The ring
J=ves will consist of two tain segments {East levee and Hest Ieves). The
total levee length is about $,200 meters and a required embankment volume of
917,000 cy. Most of the xequired £ill will be obtained frowm three offsite
sources located west of Bavcelonera.

Othex project culvart 2s, slope on,
Toad Tang and other related comstruction.
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Tue 05 May 1998 U.S. Army Corps of Engineers
. Date 10/01/97 PROJECT MANOOL:  RIO MANATI AT SARCELONETA - DETAILED PROJECT REPORT
PRELIMINARY PROJECT COST ESTIMATE SIMMARY PAGE 1
+& PROJECT OWNER SUMMARY - Con/Nom {Rounded to 1000's} **

QUANTY OOM CONTRACT CONTEINGN TOTAL COST UNIT

A CONSTRUCTION COSTS 8,980,000 505, 000 9,484,000
B NON-CONSTRUCTION COSTS 3,429,000 451,000 3,880,000
TOTAL RIO MANATI AT BARCELONETA 12,409,000 956,000 13,364,000
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Tue 05 May 1998 U.S. Army Corps of Engineers

Date 10/03/97 PROJECT MANDOL: RIO MANATI AT BARCELORETA - DETAILED PROJECT REPORT
PRELIMINARY PROSECT COST BSTIMAYR SUMGRY PAGE 2
*+ PROJECT WNER SUMMARY ~ Peature {Rounded to 10008} **
QUANTY TKM 'OONTRACT CONTINGY  TOTAL COST WNIT
& CONSTRUCTION COSTS
A.02  RELOCATIONS 1,256,000 118,000 1,375,000
A.09 CHANNELS AND CANALS 1,879,000 $4,000 1,373,000
A.11 LEVEES AND FLOODWALLS 5,844,000 292,000 6,137,000
CONSTROCTION COSTS 8,380,000 503,000 9,454,000
B NON-CONSTRUCTION COSTS
B.01 IANDS AND DAMAGES 1,398,000 349,000 1,747,000
B.18 43,000 2,000 45,000
B.30 PLANNING, ENGINEERING & DESIGN 305,080 45,000 250,000
B.31 CONSTRUCTION MANAGEMENT 3,084,000 54,000 1,138,000
TOTAL ¥ON-CONSTRUCTION COSTS 3,429,000 451,000 3,380,000
TOTAL FIO MANATI AT BARCELONETA 12,402,000 956,000 13,364,000
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Tue 05 May 1998 U.S. Army Corps of Engineers
Date 10/01/97 PROJECT MANOO1:  RIO MANATI AT BARCELONETA - DETAILED PROJECT REPORT
PRELIMINARY PROJECT COST ESTIMATE SUMMARY PAGE 3
** PROJECT OWNER SUMMARY - Sub Feat (Rounded to 1000's) *

QUANTY UOM CONTRACT CONTINGN TOTAL COST UNIT

A CONSTRUCTION COSTS

A.02 RELOCATIONS

A.02.01 Roads, Construction h:t_i‘vitlu 1,111,000 111,000 1,222,000
A.02.02 Cemeteries, Ttilities & Struct. 145,000 7,000 152,000

TOTAL RELOCATIONS 1,256,000 118,000 1,375,000

A.09 CHANNELS AND CANALS

A.05.01 CHANNELS 1,879,000 94,000 1,973,000

TOTAL CHANNELS AND: CANALS 1,873,000 94,000 1,973,000

A.11 LEVEES AND FLOODMALLS

A.11.01 LEVEES ) 5,844,000 292,000 6,137,000

TOTAL LEVEES AND FLOOOHALLS N 5,844,000 292,000 6,137,000
TOTAL CONSTRUCTION COSTS 8,980,000 505,000 - 9,484,000

B NON-CONSTRUCTION COSTS

B.01 LANDS AND DAMAGES

B.01, 1 Rul'!sta:e 1,222,000 306,000 1,528,000

B.01. 2 PL 91-§46 175,000 44,000 215,000
TOTAL LANDS AND D.lm 1,398,000 345,000 1,747,009

B.18

B.18. 1 Cultural Rescurce Presexvation 43,000 2,000 45,000
TOTAL i 43,000 2,000 45,000

B.30 PLANNING, ENGINEERING & DESIGN

B.30. 1 PLANNING, ENGINEERING & DESIGN - 9205, 000 45,000 950,000

TOTAL PLANNING, ENGINEERING & DESIGN 905,000 45,000 950,000
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Tue 05 May 1398
Date 10/01/97

U.S. Ammy Corps of Engineers
PROJECT MANOGL:  RIO MANATI AT BARCELONETA - DETAILED PROJECT REPORT

PRELYMINARY PROJECT COST ESTIMATE
** PROJECT OWNER SUMMARY - Sub feat (Rounded to 1000°s) *=

SWMARY PAGE

4

QUANTY UOM CONTRACT CONTINGN TOTAL OOST UNIT
B.31 CONSTRUCTION MANAGEMENT
B.31. 1 Construction Management 3,084,000 54,000 1,138,000
TOTAL CONSTRUCTION MANAGEMENT 1,084,000 54,000 1,138,000
TOTAL NON-OONSTRUCTION COSTS 3,429,000 451,000 3,880,000
TCTAL RIO m! AT BARCELONETA 12,409,000 256,000
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Tue 05 May 1998 U.S. Army Corps of Engineers
*. Date 10/01/97 PROJECT MANOOl:  RIO MANATI AT BARCELONETA - DETAILED PROJECT REPORT
PRELIMINARY PROJECT COST ESTIMATE SUMMARY PAGE S
*+ PROJECT OWNER SUMMARY - Blement (Rounded to 1000°s) **

QUANTY UOM CONTRACT CONTINGN TOTAL COST UNIT

A CONSTRUCTION COSTS
A.02 RELOCATIONS

A.02.0i Roads, Construction Activities

A:.02,01.01 Mob, Demcb and Prep Work 71,000 7.000 79,000
A.02.03.11 Traffic Control 60,000 6,000 66,000
A.02,01.1% Comatruct Roadbed to Subgrade 400,000 40,000 : 439,000
A.02.01.39 Road Surfacing 525,000 53,000 578,000
A.02.01.99 Assoc General Items 55,000 5,000 60,000

TOTAL Roads, Construction Activities 1,111,000 111,000 1,222,000

A.02.02 Cemeteries, Utilities & Struct.

A.02.02.01 Mobilizatjon, Demob & Prep Work 2,000 o 8,000
A.02.02.18 Utilities 136,000 7,000 142,000
A.02.02.47 Structures . . 2,000 0 2,000
TOTAL Cemeteries, Urilities & Struct. 145,000 7,000 152,000
TOTAL RELOCATIONS 1,256,000 118,000 1,375,000

A.09 CHANNELS AND CANALS

. A.09.01 CHANNELS

A.09.01.01 Mob, Demob and Prep Work 83,000 4,065 - 27,000
A.09.01.30 Bank Stabilization 616,000 31,000 647,000
A.09.01.31 Earthwork 1,156,000 £8, 000 1,214,000
R.09.01.99 Associated General Items 24,000 1,000 25,000

TOTAL CHANNELS 1,879,000 84,000 1,973,000

TOTAL CHANNELS AND CANALS 1,879,000 54,000 1,973,000

A.11 LEVEES AND FLOODHALLS

A.11.01 LEVEES

A.11.01.0%1 Mob, Demob and Prep Work 259,000 13,000 272,000
A.11.01.02 Drainage 623,000 31,000 654,000
A.11.01.30 Bank Stabilization 563,000 28,000 591,000
A.11.01.33 Earthwork 4,247,000 212,000 4,459,600
A.11.01.99 RAssociated General Items 152 _naa &, 000 160,000
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Tue 05 May 1998 U.S. Rrvy Corps of Engineers
tate  10/01/97 PROJECT MANOD1:  RIO MANATI AT BARCELONETA - DETAILED PROJECT REPORT
PRELIMINARY PROJECT COST ESTIMATE SUMMARY PAGE &
~+ PROJECT OWNER SIMMARY - Element (Rounded to 1000's) **
QUANTY UOM  CONTRACT  CONTINGN TOTAL COST  UNIT
TOTAL LEVEES R 5,844,000 292,000 6,137,000
TOTAL LEVEES AND FLOODHALLS 5,844,000 292,000 6,137,000
TOTAL CONSTRUCTION COSTS 8,986,000 505,000 9,484,000
B NON-CONSTRUCTION COSTS
B.01 LANDS AND DAMAGES >
B.01. 1 Real Estate 1,222,000 306,000 1,528,000
B.0L. 2 PL 91-646 175,000 44,000 219,000
TOTAL LANDS AND DAMAGES 1,398,000 349,000 1,747,000
B.18
B.18. 1 'Cultural Resource Preservation 43,000 2,000 45,000
TOTAL 43,000 2,000 45,000
B.30 PLANNING, ENGINBERING & DESIGN
$.30. 1 PLANNING, ENGINEERING & DESIGN 905, 000 45,000 950,000
TOTAL PLANNING, ENGINEERING & DESIGN 905,000 45,000 950,000
B.31 CONSTRUCTION MANAGEMENT -
B.31. 1 Constructjon Management 1,084,000 54,000 1,138,000
TOTAL CONSTRUCTION MANAGEMENT 1,084,000 54,000 1,138,000
TOTAL NON-CONSTRUCTION COSTS 3,429,000 451,000 3,880,000
TOTAL RIO MANATI AT BARCELONETA 12,409,000 956,000 13,364,000
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Environmental Assessment
Rio Grande de Masati at Barceloneta, Puerto Rico
Section 205 Flood Protection Study

1.00 SUMMARY

The U. S. Army Corps of Engineers responded to a request by the Puerto Rico
Department of Natural Resources to study means io alleviate flooding hazerds

and damades now experienced by the town uf Barceloneta in northern Puerto Rico

from the Rio Grande de Manati. We analyzed four preliminary plans and three
final alternative plans and the following environmental issues: {a) potential
impacts on intermittent wetlands in the project area; (b) impacts on the Rio
Grande de Manati water gquality, area recreation uses, fish and wildlife
values, and agricultural resources; {c) archeological and historical
resources; and (d) the Hacienda La Esperanza Natural Reserve, adjacent to the
study area.

Major study conclusions were the following:

{2} Protection of the residents of Barceloneta from standard project
fiood {SPF} hazards to human 1ife and health and from damages to property is
feasible through employment of a ievee with internal drainage works around the
town, and diversion of the river course. ’ )

{b} Although the proposed project would take 6.7 acres of intermittent
vetlands, the project would create 21.7 acres of similar wetlands, with 2 net
gain of 15 acres. :

{c) Diversion of the Rio Grande de Manati into newly constructed
channels would not produce significant environmental impacts because of the
present nature of the river in the study area. No oppertunities for
enhancement of the river environmental quality are presented by the project.

{d) Of 11 archaeological sites in the study area, one, eligible for
Tisting on the National Register of Historic Places, would be affected by the
proposed project. Mitigation, including in-depth archival study,
archaeological excavation, and architectural documentation will be performed.

Potential impacts on cultural resources were mitigated by first aveiding
impacts to a significant site by realigning the Tevee to avoid adverse impact;
secondly by field investigations that determined that all but one remaining
affected sites are not significant to the point of eligibility for listing in
the National Register of Historic Places; and thirdly by includihg appropriate
data retrieval and preservation during preconstruction engineering and design.

The recommended action will be subject t¢ Puerto Rico Department of Natural
Resources water quality certification under Section 401 of the Clean Water
Act. A preliminary Section 404(b)(1} Evaluation is annexed to this
environmental assessment (EA). However, this report is not to be submitied to
Congress for authorization and the proposed project is not eligible for
ection 404({r} exemption. It is fully intended that the proposed action will
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conform to Commonwealth standards for certification, so that certification may
be obtained from the Commonwealth prior to construction.

2.00 PURPOSE OF AND NEED FOR ACTION.

2.01 When flooding, the Rio Grande de Manati is a pofential danger to the
Tives of residents in the town of Barceloneta in northern Puerto Rico and is a
source of freguent property damages. Floods can occur anytime during the
year, but. they are most frequent during the period from May through December.
Large peak discharges may result from storm rainfall generally associated with
the passage of hurricanes, tropical depressions, and northern cold fronts over
or near the island. Cloudburst storms car occur anytime during the year, and
because of the steep slopes in the basin, fiash floods commonly affect the
Barceloneta area.

At least 15 damaging floods have occurred on the Rio Grande de Manati during
the twentieth century. In recent times the May 17-18, 1985, flood affected
the entire town of Barceloneta. Town officials reported that flood stages
throughout most of the western and northern sections of the town were above
one meter, and damages to public buildings and facilities, residential
developments, and commercial establishments exceeded $1.2 willion. The
Prasident declared the town a disaster area.

The urban area of Barceloneta was inundated for the second time during October
5-8, 1985. The flood at that time was about 0.3 meter (1 foot) higher than
the May 1985 flood.
Average annual flood damages to development in Barceloneta are estimated to be
$395,000. Properties subject to damage are listed in table 3 of the main
report. They include dwellings, commercial and industrial establishments,
schools, and public buildings and works.

Y. This study of the feasibility of flood protection
measures within the Federal interest was made under authority of Section 205
of the Flood Control Act of 1948 as amended.
3,00 ALTERNATIVES INCLUDING RECOMMENDED ACTION.

3.01 Planning objectives determined for this study are discussed in Section
VI of the main report and are listed below:

1. Safeguard the lives of about 6,000 residents in Barceloneta.

2. Reduce property losses due to flooding in the town of Barceloneta.
3. Minimize flood-caused disruption of economic and social activities.
4. Enhance opportunities for redevelopment throughout the study area.

5. Restore and/or preserve environmental resources.
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6. Protect, preserve, or minimize impacts on significant historical and
cultural resources of the study area.

7. Enhance recreztional opportunities in the study area.

3.02 We considered four nonstructural measures and fgur structural measures
to fully or partially address the planning objectivesT Nonstructural meéasures
are flood plain management, flood insurance, temporary and permanent flood
plain evacuation, and channel maintemance. For the most part, the
nonstructural measures are being used and will continue to be useful in
meeting some of the planming objectives.

3.03 Structural measures that were considered incliude flood proofing, channel
improvements, flood walls, levees and reservoirs. These are discussed in
following paragraphs. '

Flood proofing consists of structural changes that allow flood waters to rise
arsund or within a building with Tittie or no damage to structural integrity -
of the flood-proofed building or to property. Flood proofing does not
eliminate residual nuisance damages, loss of access, loss of business, .
possible utility and community interruptions, and potential danger to public
health and safety.

Flood-control reservoirs can reduce flood levels by holding peak flood waters
until downstream conditions permit release. They can also meet other needs
and demands such as water supply, recreation, and, in some cases,
wvironmental enhancement. Potential reservoir sites and existing reservoirs
discussed in Section VI of the main report (for water supply rather than flood
control}, will not provide sufficient flood storage capacity to meet study
ohjectives. The cost of designing and constructing a flood control reservoir
is believed to exceed the value of benefits that could be realized. Existing
reservoirs are too small and located too far upsiream to provide any
significant reduction of floods in the Barceloneta area.

3.04 Preliminary Plans. During reconnaissance phase we combined structural
and non-structural measures into four preliminary plans to provide protection.
against the standard project flood {SPF}. Structural mezsures included
construction of reinforced concrete floodwalls, earthen levees, pilot channels
that redirected river flow, drainage structures, and acquisition of
residential structures, The most feasible preliminary plan was selected for
study in the Detailed Project Report phase. It was subsequently modified in
the light of information received during the initial public meeting and
ongoing scoping. The four feasible alternative plans included 2 alternative
levee alignments, alternative internal drainage plans, and alternative pilot
channel configurations.

3.05 Preliminary Plan 1. The elements of this plan in¢lude 3,400 meters of
earthen levees, an interior drainage canal around the town of Barceloneta and
a drainage structure {culvert) at the northern perimeter. Additionally, a
pilot channel would divert river flow from the 3.2-km (2.0-mile) northern
river bend into a 1,200-m (0.75-mile), nearly straight channel. The plan,
epresented in figure Z {main repori}, would protect Barceloneta from the

103



standard project flood. However, 67 residential structures would have to be
acquired under this plan, and the Municipal Public Works and Civil Defense
facilities would have to be relocated, all at a cost of about $5.4 million.
The Tack of sufficient vacant land for ponding areas would create high
residual damages and would reduce project benefits. The estimated first cost
for this plan, at November 1990 price levels, is abouyt $12.8 million. The
glan was eliminated from further analysis because of ~its high cost and Tow
enefits.

3.06 Preliminary Plan 2. This alternative plan would include about 600
meters of flood wall and about 4,100 meters of earthen levees and an internal
drainage canal around Barceloneta (figure 3). Additionally, the plan would
require a drainage structure, 2 road ramps, and relocation of a 600-meter
Tength of Highway 681. Extension of the levee northward would provide ponding
areas north and east of the town. This plan would provide standard project
flood (SPF) protection to the town of Barceloneta, but construction of the
flood wall at the edge of the existing river bank would present serious
challenges and would require taking 30 residential structures. Furthermore,
the aesthetic impacts of a concrete flood wall in a picturesque section of
town would be unacceptable. The estimated first cost for this plan, at
November 1990 price levels, was about $9.7 million. For these reasons the
plan was eliminated.

3.067 Preliminary Plan 3. In this plan the levee configuration of Plan 2 is
modified and the flood wall is eliminated by aligning the levee away from the
edge of town (figure 4). The plan includes 4,600 meters of earthen levees, a
1,200-meter-long pilot channel, two road ramps, relocation of a 600-meter
portion of Highway 681, and minimum interior drainage structures. The
estimated first cost for this plan, at November 1990 prices, was about $9.2
million. This plan was selected for further investigation during the Detailed
Project Report phase.

3.08 Preliminary Plan 4. This plan (figure 5) features the same levee and
drainage configurations as Plan 3. Nine km (5.6 miles) of meandering river
channel would be by-passed by provision of a 2.8-km (1.7 mile) nearly straight
channel. The channel would be protected against the effects of higher water
velocities with gabions for about the upper one-third of its length. The
lengthened pilot channel would increase project cost by about $2.0 million
without providing any additiona) benefits. This plan was not further °
considered due to its high pilot channel cost, larger requirement for disposal
areas, and its greater impact on the human environment.

3.09 Final Plans. We selected a modified Plan 3 levee alignment and pilot
channel for analysis at three alternative levels of protection: the 50-year,
100-year and Standard Project Flood (SPF). We also analyzed alternative

interior drainage features to achieve 2-year, 5-year, and 25-year levels of
protection. Plate 5 shows the recommended levee alignment and plan features.

The recommended plan (Plate 5) differs from the preliminary plans in the

following ways (for convenience, the proposed levee west of Culvert 1 is
called the west levee; east of Culvert 1 is the east levee):
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1. Because the area between the south edge of Barceloneta and the river
is so narrow, the river must be rerouted in order to build the south portion
of the east levee, and a 760-meters-long, south pilot channel is required.

2.The length of the north (downstream) pilot channel is reduced from
1,200 meters to 785 meters. .

-

3. The east levee alignment was modified to protect 67 residences and
the public facilities otherwise left without flood protection. The estimated
cost of dcquiring the structures, $5.4 million, is much more than the
estimated cost of the modified east levee.

4. We avoided having to relocate about 600 meters of Highway 681 by
modifying the west levee alignment to provide the distance needed for a
highway ramp over the Jevee.

5. Realignment of the west levee provided protection for a new, low-
income-families subdivision being built by the Municipality of Barceloneta.

6. We modified a portion of the southern alignment of the east levee to
avoid a significant archaeological site. .

7. Smaill highway ramps are required at Highway 682 and Highway 140, and
an agricultural road ramp is provided over the east levee for access to prime
agricultural lands that would be cut off by the proposed levee.

3.10 The final Tevee alignment is shown on Plate 5. It consists of 5,200
meters of earthen levees around the town of Barceloneta and two pilot channels
about 1,545 meters long in the Rio Grande de Manati. The cast levee would
extend for about 3,000 meters from the north interior drainage structure
{Culvert 1), turning southeast, crossing Calle Plazuela and Highway 684,
crossing the river twice, and turning around the sport complex and the Villa
Catalana residential development. The west levees would extend southwestward
gg; about 2,200 meters across Mighway 681 and end at high ground near Highway

The viver channel at the southeastern end of the project would be filled to
build the levee and drainage channel, and a pilot {bypass) channel would be
constructed about 50 meters south of the existing river channel to replace the
river reach. This 760-meter south pilot channel would have a trapezoidal
cross section with 1 on ¢ side slopes and a 15-meter bottom width at elevation
-1.1 meters NGVD. The south pilot channel and the adjacent Tevee side would
be revetted with riprap and bedding stone.

fast of the town of Barceloneta 1.9 km (0.6 mile) of river would be by-passed
and the flow directed into the 785-meter north pilot channel. The north pilet
channel would have a trapezoidal cross section with 1 on 4 side slopes and a
15-meter-wide (49 feet) bottom at elevation -2.2 meters NGVD. Portions of the
north pilot channel would be revetted with riprap and bedding stone.

Two small road ramps would be required over the levee at Highways 140 and 682;
wo large road ramps would be required over the levee at Highways 681 and 684.
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A gravel, farm road ramp would be provided over the levee for access to the
agricultural land inside the large river bend.

This alignment would require acquisition of six residential structures and
relocation of a boat ramp and of utility lines.

Adjacent to Barceloneta 1,000 m (0.6 mile)} of the by<passed river channel
would be filled to one meter NGVD, leaving a shallow, 10-acre drainageway for
conveyance of rainwater from the site through the east cuivert to the river.
Fi1l material to be placed in the river channel would be of alluvial clay and
sandy clay sub-soil excavated for construction of pilot channels and drainage
canals. The drainageway would be top-dressed with topsoil.

3.11 Plan 1. This plan follows the final levee alignment described in section
3.10 and shown in Plate 5. and it would provide for protection of the urban
area against the 50-year flood. The earthen ring-levee that would be built
around Barceloneta would have an average height above ground of 4.7 meters, an
average base width of 34.1 meters, and a crest width of 4.0 meters. The east
levee would have 1 on 3 side slopes, and the west levee would have 1 on 3.5
side slopes.

3.12 Plan 2. This plan would have the project features common to each of the
three finally considered plans {Plate 5), but would provide protection against
the 100-year flood. The 100-year-protection levee would have an average
height above ground of 5.4 meters and an average base width of about 38
meters. The crest width would be 4.0 meters and side slopes would be 1 on 3
on the east levee and 1 on 3.5 on the west levee.

3.13 Plan 3. Protection against the SPF would be provided by means of a
levee averaging 6.2 meters in height above ground-level with a base width of
about 44 meters. The crest width would be 4.0 meters, and the side slopes
would 1 on 3 on the east levee and 1 on 3.5 on the west levee.

3.14 Internal Drainagé Alternatives. The flood control levee would interfere
with the existing urban drainage pattern and storm drainage system.

Therefore, facilities for collecting and draining urban runoff from local
rainfall events must be must be provided as part of the flood control project.
Considered alternative interior drainage plans ranged from a minimum plan to a
25-year level of protection. These are described in Section X.C. of the main
report. They call for drainage canals along the protected side of the levee,
culverts under the ramps, ponding areas within the levee perimeter, and a
culvert drainage structure to release interior flood waters to the outside of
the levee. The various alternative plans differ in dimensions and
configurations of the drainage canal and the structures. They range from a
minimum channel with a triangular cross section, an average top width of 9
meters, and an average depth of flow of 1.5 meters, to a 25-year-level channel
trapezoidal in shape with bottom widths ranging from 2.0 meters to 35.0 meters
and an average depth of flow of 2.0 meters. A 57.2-acre excavated ponding
area located in vacant lands north of Calle Plazuela was included in the
latter plan (Central Plazuela is labeled in figures 1-5).. In selecting the
interior drainage plan we considered only the quantity of flood damage
reductions achievable by the alternative plans.
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3.15 The Recommended Plan. The recommended plan {Plate 5) would provide a
100-year level of protection for areas of the town of Barceloneta subject to
flooding from overfiow from the Rio Grande de Manati (Plan 2), and would
provide minimum interior drainage facilities. Proper performance of the
interior drainage facilities require reservation of vacant agricultural lands
in the northern part of the protected area: 150 acres, northwest of the Central
Plazuela and 11 acres northeast of there (Central Plazuela is labeled in
figures 1-8);

The levee alignment is shown on Plate 5. The Tevee would be constructed with
some of the material excavated from project channels, and the remainder from a
commercial quarry located west of the project area. About 50 percent of the
88,000 cubic yards to be excavated from the channels would be suitable for
levee construction; the rest would be placed in the onsite disposal area along
the outside of the west Tevee. The disposal area would be about 900 meters
Tong by 30 meters wide and cover 6.8 acres.

The project consists of 5,200 meters of earthen levees around the town of
Barceloneta and two pilot channels about 1,545 meters long in the Rio Grande
de Manati. The east levee would extend for about 3,000 meters from the north
interior drainage structure (Culvert 1), turning southeast, crossing Calle
Plazuela and Highway 684, crossing the river twice, and turning around the
sport complex and the Villa Catalana residential development. The west levee
would extend southwestward for about 2,200 meters across Highway 681 and end
at high ground near Highway 682.

The river channel at the southeastern end of the project would be filled to
build the Tevee and drainage channel, and a pilot (bypass) channel would be
constructed about 50 meters south of the existing viver to replace the river
reach. This 760-meter south pilot channel would have a trapezoidal cross
section with 1 on 4 side slopes and a 15-meter bottom width at elevation -1.1
meters NGVD. The south pilot channel and the adjacent levee side would be
armored with riprap and bedding stone.

East of the town of Barceloneta 1.9 km (0.6 mile) of river would be by-passed
and the flow directed into the north pilot channel. The 785-meter north pilot
channel would have a trapezoidal cross section with 1 on 4 side slopes and 2
15-meter-wide (49 feet) bottom at elevation -2.2 meters NGVD. Portions of the
north pilot channel would be armored with riprap and bedding stone.

_ Two small road ramps would be required over the levee at Highways 140 and 682;
two large road ramps would be required over the levee at Highways 681 and 684.
A gravel, farm road ramp would be provided over the levee for access to the
agricyltural land inside the large river bend.

This alignment would require acquisition of six residential structures and
relocation of a boat ramp and of utility lines.

Adjacent to Barceloneta 1,000 m (0.6 mile) of the by-passed river channel
would be filled to one meter NGVD, leaving z shallow, 10-acre drainageway for
conveyance of rainwater from the site through the east culvert to the river.
“i11 material to be placed in river channels would be of alluvial clay and
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sandy clay sub-s0il excavated from project channels. The drainageway would be
top-dressed with topsoil.

The 100-year-protection levee would have an average height above ground of 5.4
weters and an average base width of about 38 meters. The crest width would be
4.0 meters and side slopes would be 1 on 3 on the east levee and_1 on 3.5 on
the west Tevee. et

Interior drainage facilities would include 5,230 meters of drainage canals.
The canals would have a tri. jular cross section 9.0 meters wide at the top
and have an average depth o “low of 1.5 meters. Corrugated metal culverts
would pass water under the road ramps. The drainage structures, Culvert 1 and
Culvert 2, would be corrugated metal pipe culverts with flap gates and
concrete headwalls.

4.00 AFFECTED ENVIRONMENT.

4.01 The study area surrounds the town of Barceloneta, west of the Rio Grande

de Manati, and extends from the town east as far as the eastern-most river

bend at Barceloneta, west about one-half mile, south about one mile, and north

about one-half mile (figure §). Environmental resources outside of the study

area and not affected by the recommended plan include the Cambalache National

:(Jrest, the Cafio Tiburones Natural Reserve and the coastal barrier resource,
nta Manati. ’

Significant environmental resources that could be affected by considered
alternatives inciude 11 archaeological sites of which 6 were thought to have
potential significance, 50 acres of abandoned or grazed agricultural lard, 62
acres of actively cultivated sugarcane, the Hacienda La Esperanza Matural
‘Reserve east of the river, about 6.7 acres of palustrine, intermittently
flooded wetlands at the north culvert and at the eastern road ramps and
culvert, and a total of 4,170 meters (2.6 miles) of Tinear riparian habitat on
the near-vertical river banks in river reaches that would be filled. The
river in the study area is not considered significant habitat for reasons
-discussed below. : . ; :

4,02 The major part of the study area surface is classified as flood plain
atiuvium, composed of gravel, sand, silt and clay {Comez-Gomez, 1984). It
contains velcanic rock fragments, quartz grains, and silicified and non-
silicified volcanic rock pebbles. This type of surficial deposit typifies the
northern two-thirds of Barceloneta northward to the Tiburones Swamp, the study
-area east of the river, and that included within the river bend at Barceloneta
(main veport Plate 2). The recommended project weuld be in this avea. The
level to gently roiling plain has been cultivated to pineapple or sugar cane,
now abandoned, west of the river. Surface erosion has produced swales and
depressions where rain water stands; these are considered as intermittently
flooded wetlands that intergrade with higher ground, ridges and hummocks.

4.03 Soils in the alluvial flood plain are Toa and Coloso with occasional
inclusions of Vivi. Toa soils cccur only where the ground is relatively
higher and well-drained, but Coloso soils are found both in wet and in dryer
locations and in transition zones between wet and dry areas.

i
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Drainageways and ponding areas typically have Coloso soils. The latter
usually support such facultative wetland plant species as the following:

Typha domingensis (cattail)

Paspalum millegrana {paspalum grass)
Panicum aguaticum (water grass}
Cyperus sp. {sedges)

Plants of the drier, Toa locations, include Panicum mzximum (guinea grass),
Paspalum yircatum {taiquezeal), Digitaria decumbens {pangola grass}, and
Psidium guajava (guava). Both types of soils have been cultivated and are
used to pasture cattle.

West of the river from the southern third of Barceloneta southward, Aymamon
Jimestone makes up the surface deposits. This limestone is generally very
pure and fine-grained. Solution of the Timestone typically develops 2 karst
topography of steep-sided peaks and ridges with intervening plains of medium
and fine-grained quartz sand (Gomez-Gomez, 1984). The end of the levee for
the final plans abuts high ground at the northern edge of this area.

4.04 Cultural Resources. The Rio Grande de Manati flood plain has been
extensively exploited throughout Puerto Rico’s prehistoric and historic
periods, and the area is rich in significant archaeological and historic
rasources. In letters dated August 17, 1987 and April 25, 1990, the Puerto
Rico State Historic Preservation Officer (SHPO) recommended that a
reconnaissance-level cultural resources survey be conducted to identify
significant prehistoric or historic properties which will be affected by the
project. :

A cultural resources reconnaissance survey was performed in 1990 along
alignments of Preliminary Plams 1, 2, and 3 {A Cultural Resources
Reconnaissance within the Proposed Flood Control Project Area on Rio Grande de
Manati at Barceloneta, Puerto Rico, by Garrow and Associates, Inc. 1990).
Archival and background datz were collected during the survey, utilizing
information from the SHPO and the National Register of Historic Places. Field
investigations included oral interviews, pedestrian archaeological
reconnaissance, shovel testing, and preliminary architectural assessments.
Six potentially significant archaeological sites (Site No. 1, 3, 4, 5, 6, 10}
were identified, and additional assessment work was recommended to define site
boundaries and determine National Register eligibility. In April 1993,
Jacksonville District staff archaeologists conducted reconnaissance level
cultural resources survey on those portions of the Selected Plan alignment
that were not investigated during the 1990 survey. No potentially significant
historic properties were identified during the 1993 survey. -

The Jacksonvilie District staff also conducted archaeological testing to
assess the significance and define the boundaries of the 6 sites recommended
for additional investigations. Of the 6 sites;, § were determined to noil meet
the criteria of eligibility for inclusion on the National Register, or were
determined to be outside the area of effect for the proposed project. The
remaining site is National Register eligible and will be affected. The site
ras originally recorded as a nineteenth and early twentieth century
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residential site with brick foundation and intact archaeological midden.
Through archaeological testing and archival research, it has been determined
that this was the site of a small sugar processing mill.

4.05 Agricultural Resources. West of the river all lands within the project
area outside of urbanized areas are abandoned or used, for pasture. Sugarcane
was the main agricultural crop until the Monserrate sugar mill closed in 1965.
Now active sugarcane cultivation is conducted east of the river. - The north
pilot ‘channel is to be located in an area of active sugarcane cultivation
known as the "Predio Barceloneta y Vega," jointly managed by the Puerto Rico
Land Authority, the Puerto Rico Sugar Corporation and the Puerto Rico
Conservation Trust. This is considered prime agricultural land.

4.06 The River. The Rio Grande de Manati originates at an elevation of about

800 meters (2,625 feet) above mean sea level on the northern slope of the

Cordillera Central (the central mountain range of Puerto Rico). It flows over

a length of 90 kilometers (55.9 miles) and drains a watershed of 447 square

kilometers (172 square miles). At Barceloneta the river flows slowly in a

gandering channel and contains a salt-water wedge moving tidally along the
ttom.

Summer flows in the project area during March to October are 70-80 cfs (95%
probability), ranging up to 180 cfs in October-January (Gomez-Gomez, 1984).
Under existing, without-project conditions, suspended sediment concentrations
reported at flows of less than 100 cfs range from 30 to 200 pounds per acre-
foot (ibid.) (11 to 74 parts per million). Flow around 200 cfs carries 200-
250 pounds per acre-foot (74-93 ppm), with extreme measurements reported from
30-500 pounds (11-185 ppm) (ibid.). The mean annual suspended-sediment
discharge at Highway 2 is estimated at approximately 100,000 tons per year.

In the study area the river is classified SC, Coastal Water intended for uses
where the human body may come in indirect contact with the water {such as
fishing, boating, etc.), and for use in propagation and preservation of
desirable species. Curtis et al, (1991) reported that Rio Grande de Manati
water quality constituents measured during normal and below-normal flow
conditions at Highway 2 near Manati in 1989 and 1990 complied with water
quality standards for Ciass SC waters. However, during above-normal flow in
October of 1989, fecal coliform and turbidity standards were violated. Gomez-
Gomez (1984) cites as probabie major sources of fecal contamination dairy
cattle within the valley and sewage out-falls from towns in the upper basin.
The Tatter author points out that fecal coliform concentrations are not in
themselves indicators of the presence of pathogens, but cautions that should
the snail (Biomphalaria glabarata) host of the bilharzia ppathogen, Schistosoma
mansoni, be introduced into the valley, e.g., on the hooves of cattle, the
pathogen could rapidly propagate if conditions are favorable.

The organic pollution promotes algae blooms which cause dissolved oxygen
concentrations in the lower river to reach 8.0 mg/1 during summer days (111
percent saturation at 27 degrees C) and to plummet to zer'o at night. Benthos
in the soft, muddy bottom silt of the slowly flowing river would be those
tolerant of near-anaerobic conditions and salt-water; we have not sampled the
benthos. Stable fish populations are unable to survive in these conditions,
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and above the mouth of the river in the study area there is no fishery and the
water is not used for human-contact recreation.

4.07 Riparian Wetlands: Land in the study area is cultivated or developed to
the river’s edge. The riparian habitat is therefore only a narrow strip
overhanging the river and extending down into the water

Benthos in the habitat are largely confined to the banks near the surface,
where:- adequate concentrations of dissolved oxygen are dependably present, and
where the fresh water is not affected by a salt water wedge that extends up
the river. Aquatic insect larvae (Odonata, Diptera, Coleoptera), snails,
1eeche§ and oligochaete worms may be fourd in the near-surface, vegetated
river banks.

4.08 Palustrine Wetlands: Wetlands apart from the river channel are limited
to drainageways and ponding areas. Plants occurring in these palustrine,
intermittently flooded areas are listed above (section 4.03). These sites
support amphibians that breed in rain pools and provide forage for snowy
egrets (Egretta thula), 1ittle blue herons (Earetta caerulea), green-backed
herons (Butorides striatus), and other wading birds (USFWS, 1992). Benthos in
these sites would be those that develop quickly in temporarily flooded sites,
such as mosquite and fly larvae.

4,09 Special Sites and Areas. Cambalache Commonwealth Forest is about 3
miles west of the study area. Part of the Commonwealth Forest System, the
~ forest is located on the north coast off Highways 2 and 682. It conserves
examples of mature secondary coastal forest and provides recreational and
educational opportunities to Barceloneta residents. It is outside the Rio
Grande de Manati flood plain and will not be affected in any way by the
recommended pian, but it provides additional recreation area used on weekends
by residents of Barceloneta (Puerto Rico Department of Natural Resources
1976) .

Cafio Tiburones Marsh, located about 3 miles west-northwest of the study area,
is noted for its high botanical and wildlife diversity. This brackish, coastal
marsh extends westward from the municipality of Barceloneta line to the
Arecibo Delta at the Vigia pump station, about 1 km northeast of the Arecibo
River mouth. Although it has been extensively altered, first by clearing of
its original forest (mangrove and swamp bloodwood), then by manmade gravity
drainage and pumpage, followed by muck soil shrinkage and sinking, it is still
believed to sheiter nesting populations of three locally threatened species of
native ducks. It is a popular bird-watching and waterfowl hunting area, and is
habitat to several rare native aquatic plants {Cardona and Rivera 1988; P.R.
DNR Natural Heritage Program, 1991). The Marsh is outside of the Rio Grande
de Manati drainage basin and is not expected to be affected in any way by the
recommended plan.

Punta Manati, a sand spit connected to the shore about 0.8 mile east-northeast
of the mouth of the Rio Grande de Manati, is proposed for listing in the
Coastal Barrier Resource system. It is about 1.5 miles north-northeast of the
study area and is outside any infiuence of the recommended project.
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Hacienda La Esperanza Natural Reserve. The north pilot channel is planned to
cut tr-nugh lands in Hacienda La Esperanza Natural Reserve that are in active
sugar. =2 cultivation. The lands are jointly managed by the Puerto Rico Land
Autho: ..y, Puerto Rico Sugar Corporation and the Puerto Rico Conservation
Trust.

4,10 Endangered Species, Threatened Species. Coordimation with the U.S. Fish
and Wildlife Service has resulted in agreement between the USFWS and the U.S.
Army Corps of Engineers that the Puerte Rico boa (Epicrates inornatus) may be
present in the disposal area once considered under preliminary plans, but not
under the recommended plan, and in the vicinity of the commercial quarry from
which borrow material would be taken. The quarry has been used recently for
f£i11 for the new residential development west of Barceloneta.

4.11 Hazardous and Toxic Waste (HTW). Review of study area maps and
photographs indicaies that urbanized or modified areas with potential for HTW
contamination are negligible. The predominant land use is agricultural and
poses little or no HTW threat. Although 1ight industry occurs in the basin,
there appear to be no iandfills, industrial waste treatment plants or other
facilities Tikely to generate serious HTW problems.

An on-site HTW survey of the Rio Grande de Manati project area was performed
in February 1992. The inspection revealed no HTW sites in the project area.
Unless new information contrary to this finding is revealed, no additional HTW
work is needed for this study.

5.00 ENVIRONMENTAL CONSEQUENCES.

Impacts of finally considered alternative plans are summarized and compared in
Table 1. Impacts are discussed in the following paragraphs.

5.01 Cultural Resources Impacts. The Selected Plan will affect one
significant historic period archaeological site, the site of a small sugar
processing mill. The site has. been determined to be significant only for its
information potential, and archaeological data recovery will collect
information adequately to mitigate adverse effects. Archaeological data
recovery will include in-depth archival study, archaeological excavation, and
architectural documentation of building foundations. Mitigation costs are
estimated -t $45,000, and will not exceed 1 percent of total project costs.
A1) cultur:1 resources work will be conducted in compliance with the National
Historic breservation Act of 1966, as amended (PL 89-655); and the
Archeological and Historic Preservation Act, as amended (PL 93-291).
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5.02 Agricultural Impacts. The north pilot channel will cross an actively
cultivated sugarcane area, the "Predio Barceloneta y Vega,” and will replace
about 13.5 acres. The east levee berm and drainage channel will cover about 8
acres. The total area of farm land that will be taken out of production,
about 21 acres, is classified prime farmiand by the U.S. Department of
Agriculture Soil Conservation Service. An additionaF 62 acres of sugarcane
within the river bend will be cut off by the Tevee. It is part of the “Predio
Barceloneta y Vega,™ managed jeintly by the Puerto Rico Land Authority, the
Puerto Ricoe Sugar Corporation and the Puerte Rico Conservation Trust. Access
to the cut off land would be provided by a road ramp from the Barceloneta
area.

§,03 Palustrine Wetlands Impacts., At the north culvert site 1.3 acres of
palustrine wetlands in an improved natural drainageway will be covered by the
levee, interior drainage canal and right-of-way. At the easit culvert site 5.4
acres of palustrine wetlands in a groundwater seepage area adjacent to the
river will be covered by levee, road ramps and interior drainage canal. At
these sites as well as around the entire inner perimeter of the levee the
interior drainage canal will produce 11.6 acres of palustrine wetiands, and
10.1 acres will be created on the filled river segment next to Barceloneta.
The net offect of the recommended plan on palustrine wetlands will be the
addition of 15 acres of palustrine wetlands of approximately the same quatity
and function as those presently on site.

5.04 Riparian Wetlands Impacts. Riparian sites to be filled are the near-
vertical banks of the Rio Grande de Manati. Because agriculiural cultivation
and urban development are carried to the river’s edge, and the steep channel
sides offer only a very narrow cxpanse, up te 2 meters, this habitat is
reported in lineal and, secondarily, in areal units. Construction of the
levee, drainage canal and right-of-way at the upstream (south) end of the
project will require filling the river reach there, covering 785 meters of
steep riparian habitat on each bank. A pilot channel will be constructed to
replace the river reach at that location, but the 1-on-3-sloped channel banks
will be riprapped. The result will be a loss of 1570 meters of lipeal
riparian habitat at the upstream end.

A similar pilot channel, 785 meters long, will be constructed in the
downstream extremity of the project with a loss of 600 meters of lineal
riparian habitat at the sites where the channel ties into the river.

East of the town of Barceloneta 2.4 km (1.5 miles) of river will be by-passed
and the flow directed into the downstream pilot channel. Adjacent to
Barceloneta 1,000 m (0.6 mile) of the by-passed river channel will be filled
to one meter elevation, leaving a shallow, 10-acre drainageway for conveyance
of rainwater from the site through the east culvert to the river. Fill
material to be placed in river channels will be of alluvial clay and sandy
clay sub-soil from excavation of the pilot channels and the interior drainage
canal. The drainageway would be top-dressed with topsoil. As a result, about
2,000 meters (1.2 mile) of riparian habitat clinging to steep channel sides
will be covered (1,000 m x 2 = 2,000 m of 2 channel sides, combined). The
‘rainageway will function similarly to the way the drainageways in the area

114 -



now function, supporting intermittently flooded palustrine wetlands and
contributing to the net gain in wetlands described above. The remainder of
the by-passed river (1448 m; 0.9 mile) will be left as a slough-like backwater
connected to the flowing river. The backwater slough may become filled with
sediment over time.

A summary of respective acreage impacted by the recofimended plan follows:

PALUSTRINE (PERSISTENT, TEMPORARILY FLOODED) WETLANDS

Levee: 404 wetlands
At north outlet: cover (1.3 acres)
At east outlet: cover......ooviiiiiiiiinneneiaanns (5.4 acres)
SUBTOTAL PALUSTRINE WETLANDS LOSS....cvevvinurunnnnnnnnns {6.7 acres)
Palustrine Wetlands Replacement:
Drainageway replacement of river segment.......... 10.1 acres
Added by internal drainage camal.................. 11.6 acres
NET PALUSTRINE WETLANDS GAIN........oivieereernnnnannnn 15.0 acres

RIPARIAN (RIVER BANK) WETLANDS
Channels and Levee:

Barceloneta*: fi11 1,000 m x 2*

(2,000 m) loss

it

D/S* pilot channel: channelize 300 m x 2
U/S* pilot channei: channelize and
fi11 785 m x 2 = (1,570 m), = {1,570 m) loss

(600 m) loss

TOTAL RIVER BANK WETLANDS LOSS.....ccevvnennnnnn {4,170 m) Toss

* Barceloneta: the river reach to be filled adjacent to Barceloneta--it will
be filled to 1 meter elevation, and a drainage-way will be constructed over
the filled channel, thus replacing riparian wetlands with palustrine;
multipiier accounts for 2 channel banks; D/S = downstream; U/S = upstream.

The impacted palustrine areas’ value is that of temporary rain-pool breeding
areas for amphibians and hunting grounds for their predators, wading birds.
This habitat function will be more than replaced by the 1-meter-elevation, 10-
acre drainageway over the filled river reach and by the interior drainage
canal, although the canal would be maintained to ensure drainage capability.
No amphibians 1isted under the Endangered Species Act or by the Commonwealth
of Puerto Rico are present in the habitat.

The 4,170 meters of steep, riparian habitat to be lost represent maximally

about 2 acres, and the net gain in palustrine habitat totals 15 acres.
Although no net Toss of wetlands values seems Tikely, there appears to be no
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meaningful basis for calculating the relative habitat values beiween the
impacted palustrine areas and the linear riparian habitats. Although the
riparian habitat is relatively permanent and may provide the stable habitat
necessary for aquatic insects to complete their life cycles, such habitat is
common, and additional, compensatory mitigation is not proposed.

The effect of creating the backwater slough will be meutral to positive. The
cutoff portion will receive less pollution than the river receives, because
pollutants from the river would have to circulate into the nonflowing slough.
In the process the nutrients are subject to uptake by planktonic algee, by
their predators, and to settling after death of the flora and fauna. The more
the bottom is built up by sedimentation, the less river pollutants will enter
the slough, and the salt water wedge will be excluded. The slough will never
have less than zero dissolved oxygen, which is the river condition now. The
slough will eventually flood and recede with rainfall and vunoff, and it will
become habitat for breeding amphibians. The amphibians will be preyed upon by
wading birds which will use more area as the siough becomes shaiiower.

Design features teo improve the backwater slough habitat were considered but
deemaed unnecessary, since the slough will be a rather useful habitat, growing
more useful in time. Should clean fiil become available, its deposition in
the slough channel near the river would prevent salt water intrusion and
hasten the improvement of the slough toward shallow fresh water used by
amphibians and invertebrates. During this project the slough will be invaded
by aquatic vascular vegetation and become additional palustrine wetland.

5.05 River Impacts. Water quality will not be adversely impacted, and
Commonwealth water quality standards will be met. Contaminants will not be
introduced by i1l material that may become suspended or dissolved in river
water. As fiow is introduced into the pilet channels some sediment from the
removed plug may be expected to be carried in suspension for a short time. No
biological resources sensitive to suspended and settling sediment are present.
River bottom sediments will not be dredged; at points of river diversion, the
existing channel will be riprapped.

5.06 Endangered Species Impacts. Potential impacts associated with the
preliminary plan disposal area would be avoided by using the proposed 6.8-acre
disposal area, approximately 30 meters wide on the outside flank of the
southern 900 meters of the western levee (Plate 5). The first considered
alternative disposal area, south of Barceloneta, may contain Puerto Rican boa
habitat along its north, east and south edges. The area is east of the Sabana
Hoyos, an important karst habitat that may well shelter the boa, but the area
will not be used for disposal under the recommended plan. The borrow area is
an actively used quarry west of the proposed project area. The use of this
area was coordinated with the U.S. Fish and ¥ildlife Service under the
Endangered Species Act. ’

5.07 Cumulative Impacts. The Puerto Rico Highway Authority is consiructing a
new highway, Highway 22, through the Rio Grande de Manati (figure 1). A
traffic interchange has been constructed south of Barceloneta. The
interchange will provide a link between existing Highway 2, Highway 22, and
the town of Barceloneta. The highway project and the planned flood protection
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project would not adversely affect each other, but the highway project is
likely to stimulate moderate population growth in the study area. As a
result, future flood protection benefits may increase.

5.08 Air Quality Impacts. Fugitive dust from vehicular traffic and earth
moving will be unavoidable but insignificant. There are no air quality issues
in the study area. ~

5.09 "Noise Impacts. Part of the construction area would be adjacent to parts
of the town of Barceloneta. Although engines on construction equipment will
be equipped with required mufflers and air pollution control devices,
individuals may experience annoyance with construction noise levels. Probably
the most intrusive noises will occur during the driving of sheet pile near
town. Reverse travel {back-up) warning alarms on the vehicles will be a
frequent sound during construction. Overall, the impacts would be short-term
and unavoidable. They can be mitigated by scheduling the driving of piling
during daylight hours.

5.10 HMan-made Resources Impacts. Where the levee and channels would be
constructed across roads, road ramps and temporary detours would be provided.
No significant impacts on these and other man-made resources are known.

5.11 Community Cohesion Impacts. The recommended plan requires that two
residences at the southwest Tevee junction with high ground, and probably four
where the Highway 684 ramp is constructed, would have to be relocated. The
residences would have to be taken by fee simple purchase, and the occupants
would be assisted to relocate. From an overall community viewpoint, these
impacts at the extremes of the urban area do not appear to have significant
import to community cohesion.

5.12 Public Facitities and Service. MNo impacts have been identified other
than those to the roads that will be furnished with ramps over the levee and
drainage channel.

5.13 Emplovment Impacts. Except for possible temporary employment with
construction crews, there would be no impacts. Commuters will be able to
travel via detours and road ramps.

5.14 Tax Value. About 21 acres of sugarcane plantation would become project
tand and lose their agricultural value. Six residences would have to be
taken, and the owners would be fairly compensated.

5.15 Displacement of People, Businesses and Farms. The north pilot channel

would cross land now in sugarcane cultivation but owned by the Puerto Rico
Conservation Trust as part of the Hacienda La Esperanza Natural Reserve.
Access to the cut off land within the river bend would be provided by a road
ramp from Barceloneta. Six families would have to be relocated (section 5.11,
above).

5.16 Community Growth. Insofar as the project provides dependable flood
protection to the urban area, the community’s potential for economic and
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quality-of-Tife improvement would be enhanced. There would be no adverse
impacts to the potential for community growth.

5.17 Regional Growth. The flood protection project in conjunction with
Highway 22 and the interchange with Highway 2 could provide some stimulus fo
regional growth. There would be no adverse effects op the community growth
potential. -

5.18 ‘Coastal 7one Management Program. The studied project was evaluated in
accordance with Puerto Rico Planning Board Guidelines for Federal Projects in
the Coastal Zone of Puerto Rico, pursuant to Puerto Rico’s approved Coastal
Zone Management Plan, adopted in 1978 and incorporated into the Puerte Rico
Comprehensive Land Use Plan in 1979. The studied project was determined by
the Corps, in accordance with the above guidelines, to be consistent with this
Plan.

6.00 UNAVOIDABLE ADVERSE ENVIRONMENTAL EFFECTS.

About 21 acres of prime farmland cultivated in sugarcane will be removed from
production by construction of the north pilot channel and the levee.
Additionally, 62 acres of prime farmland in sugarcane would be cut off and
provided access by means of a ramp over the levee from Barceloneta.
Residential property values would have to be acquired by flood easement or fee
simple purchase, and residents would be assisted to relocate.

7.00 RELATIONSHIP BETWEEN SHORT-TERM USES OF MAN’S ENVIRONMENT AND THE
MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY.

The recommended aciion would enhance and preserve urban quality and the
constructed environment, and it would protect historic and cuitural resources.
The recommended pian would have the least identified impacts on natural
depletable resources such as petroleum and other mineral resources.
Construction of the north pilot channel would hasten the river’s long-term
process of cutting a channel in approximately the same place.

8.00 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES.

The only irreversibie and jrretrievable commitment of resources is the use of
petroleum products during construction.

8.00 CONMITMENTS TO BE CARRIED OUT DURING DESIGN AND CONSTRUCTION.

1. The drainage-way to be created over the filled river site inside the
Yevee at Barceloneta will be dressed with topsoii.

2. The pilot channels will be riprapped to prevent erosion.

3. Archaeplogical-historical data will be recovered at the single,
significant histerical site to be affected. A1 work will be conducted in
compliance with the National Historic Preservation Act of 1966, as amended (PL
89-655) and the Archaeological and Historic Preservation Act, as amended (PL
°3-2913}.
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10.00 SUMMARY OF COMPLIANCE WITH APPLICABLE ENVIRONMENTAL REQUIREMENTS.

10.01. Archeological and Historic Preservation Act. as amended. 16 U.S.C.
469 et seq., as amended by PL 96-515, December 12, 1980. The Act provides for
the preservation of historical and archaeological data which might otherwise
be Tost or destroyed as the result of flooding or by any altieration of the
terrain caused as a result of any Federal comstruction project. Before any
Federdl agency undertakes such an activity it must give written notice to the
Secretary of the Interior and the State Historic Preservation Officer.
Recovery, protection, and/or preservation of such data may be required.
Executive Order No. 11593, 13 May 1971.

Archaeological-historical data will be recovered at the single, significant
historical site to be affected. A1l work will be conducted in compliance with
the National Historic Preservation Act of 1966, as amended (PL 89-655) and the
Archaeological and Historic Preservation Act, as amended (PL 93-291).

10.02. Clean Air Act, as amended. 42 U.S.C. 7401 et seq. Any official of a
Federal agency having jurisdiction over any property or facility constituting
an emissions source shall be subject to and comply with Federal, state,
interstate or Tlocal requirements respecting control and abatement of
pollution. A1l Federal projects, licenses, permits, financial assistance and
other activities must conform to EPA approved or promulgated state
impliementation plans. The assurance of such conformity is an affirmative
responsibility of the head of the Federal agency involved. Sections 118,
176(c), and 309, 42 U.S.C. Executive Order 12088, Federal Compliance with
Pollution Control Standards, 13 October 1978.

The only project-related sources of such emissions would be the motorizec
construction equipment. All vehicles, generators, pumps and construction
related engines will conform to Puerto Rican emissions standards. The stuay
area is not in a non-attainment air quality area.

10.03. Clean Water Act (Federal Water Pollution Control Act). as amended, 33
U.S.C. 1251 et seq. (PL 92-500}. Any official of a Federal agency having
Jurisdiction over any property or facility or engaged in any activity that may
result in the discharge or runoff of poliutants shall be subject to, and shall
comply with federal, state, interstate and local requirements, both
substantive and procedural, respecting control and abatement of polilution.
Federal agencies are not exempt from the requirement to obtain certification
from the state or interstate agency for any discharge into navigable waters
(except as provided in Section 404(r)). Executive Order 12088, 13 October
1978. EPA guidelines, 33 U.S.C. 1344b. CEQ Memorandum 17 Nov 80, guidance to
apply Sec. 404(r) to a Federal project.

Construction activities will be controlled through contract specifications and
on-site inspections so as to comply with all federal, Commonwealth and local
requirements for environmental quality control. The recommended action will
be subject to Puerto Rico Department of Natural Resources water quality
certification under the Clean Water Act. Such water quality certification
requires (1) a complete evaluation of the effects of the proposed discharge
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consistent with Section 404(b){1) of the Act; and {2} a public potice, with
oppoertunity for public hearings for the proposed discharge, including or
referencing the Preliminary Section 404(b) (1) evaluation included in the
feasibility report. A preliminary Section 404(b)}(1) Evaluation is annexed to
this environmental assessment. However, this report is noi to be submitted to
Congress for authorization and is not eligible for Section 404(r} exemptiion.
It 15 fully intended that the proposed action will conform to Commonwealth
standards for certification, so that certification may be obtained from the
Commonwealth prior to construction.

10.04. Coastal Zone Manaqement Act of 1972, as amended. 16 U.S.C. 1451 et
seqg. Any activity that a Federal agency conducts or supports that divectly
affects the coastal zone, and any development project in the cosstal zone,
shall be, to the maximum exteni practicable, consistent with approved state
manggemen;lgrograms. NOAA Regulations, 15 CFR Part 930 revised 15 June 1979,
44 F.R. 37142,

Certification by the Commonwealth of Puerto Rico that the recommended work is
consistent with Puerto Rice’s Coastal Zone Management Plan will be required.

1t may be issued after Commonwealth agencies’ review and approval of the draft
report and ER. U.S. Army Corps of Engineers certification of compliance with
the Puerto Rico Coastal Management Program appears as attachment ¢ to this EA.

10.05. Endangered Specieg Act of 1973. as amended. 16 U.5.C. 1531 et seq.
Federal agencies shall, in consultation with and with the assistance of the
Secretary (Interior or Commerce}, utilize their authorities in furtherance of
:he purposes of the Act by carrying out programs for the conservation of
listed endangered and threatened species and by taking such action as
necessary to insure that actions they authorize, fund, or carry out are not
tikely to jeopardize the continued existence of such endangered or threatened
species or result in the destruction or modification of habitat of such
species which the Secretary, after consultatien as appropriate with the
affected States, has determined to be critical. USDI and USDC, NOAA, Rules on
Endangered Species Exemption Applications, 50 CFR Parts 451, 45 F.R. 8264 (8
Feb 80), and 50 CFR Parts 450, 451, 452 and 453, 45 F.R. 23354 and 49083.

The recommended plan is being coordinated with the U.S. Fish and Wildlife
Service by separate correspondence during coordination of this draft report
and EA, and with the Puerto Rico Departmeni of Natural Resources. The PRDNR
response is invited as part of the agency’s commeni on the environmental
assessment {FA}. No effect is expected upon species listed under the Act, nor
on locally protected species.

10.05. Estuary Protection Act. 16 U.S.C. 1221 et seg. (PL 9454, 3 August
1968). In planning for use or development of water and land resources, all
Federal Agencies shall give consideration to estuaries and their natural
resources, and their importance for commercial and industrial developments.
A1l project plans and reports affecting estuaries and their natural resources
that are submitted to Congress shall contain a discussion by the Secretary of
the Interior concerning the estuaries and their resources and effects of the
oroject on them and his recommendation thereon. HNo implementing directives.
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Comment from the Secretary of the Interior is solicited through review of the
draft report and Environmental Assessment. The Rio Grande de Manati may be
considered estuarine in the study area, inasmuch as a salt water wedge extends
up the river into the study area.

10.07. Federal Water Project Recreation Act. as amended. 16 U.S.C. 4601-12
et seq. Any Federal navigation, flood control, hydroelectric, or multiple-
purpose project planning shall include full consideration of opportunities
afforded by the project for outdoor recreation and fish and wildlife
enhancement. No implementing directives.

Opportunities for outdoor recreation were considered and a plan was provided
to the local sponsor. The principles of the Federal Water Project Recreation
Act. (P.L. 89-72) as amended, have been fulfilled by complying with the

recreation cost sharing criteria as outlined in Section 2 (a), paragraph (2).

10.08. Fish and Wildlife Coordination Act, as amended. 16 U.S.C. 661 et _seq.
For any proposal or Federal work affecting any stream or other body of water,
the Federal agency proposing such work must first consult with the Fish and
Wildlife Service and state wildlife agency with a view to preventing losses
and damages to wildlife resources and to providing for development and
improvement of wildlife resources. Reports of the Secretary of the Interior
and state wildlife agency shall be an integral part of any report to Congress.
No implementing di-ectives.

A Fish and Wildiife Coordination Act Report prepared by the U.S. Fish and
Wildlife Service is included with the EA. The Feasibility Report and EA have
been submitted to the Secretary of the Interior and to the Secretary of the
Puerto Rico Department of Natural Resources for comment.

10.09. Land and Water Conservation Fund Act of 1965, as amended, 16 U.S.C.
4601-4 et seq. No financial assistance may be given under any other Federal
program for any project with respect to which such assistance to a state has
been given or prumised under this statute. No property acquired or developed
with assistance from the Land and Water Conservation Fund shall, without the
approval of the Secretary of the Interior, be converted to other than outdoor
recreation uses. No implementing directives.

No properties affected by this act are involved in the recommended project
area.

10.10. Marine Protection, Research, and Sanctuaries Act of 1972, as amended.
33 U.S.C. 1401 et seq. In connection with Federal projects involving dredged
material, the Secretary of the Army may issue permits for the ocean discharge
of dredged material, applying the same criteria which apply to EPA issuance of
permits for ocean dumping of other material. Executive Ordef 12088, Federal
Compliance with Pollution Control Standards, 13 Oct 78.

Ocean disposal of dredged material is not proposed.

10.11. National Environmental Policy Act of 1969, as amended. 42 U.S.C. 4321
et seq. PL 91-190, as amended. A1l Federal agencies shall include a detailed
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Environmental Impact Statement (EIS) in every recommendation or report en
proposals for legislation and other major Federal actions significantly
affecting the quality of the human environment. Prior to making an EIS, the
responsible Federal official shall consult with and obtain comments from any
Fedaral agency which has jurisdiction by law or special expertise with respect
to any environmental impact invoived. The EIS and cgmments and views of
appropriate Federal state and local agencies which are authorized to develop
and enforce environmental standards shall be availabie to the President, CEQ
and the public, and shall accompany the proposal through the existing agency
review process. Executive Order 11593, 13 May 71; E.0. 11988, 24 May 77; E.O.
1990, 24 May 1977; E.L. 11891, 24 May 77; E.L. 12088, 13 Oct 78; E.L. 12114, 4
Jan 79; CEQ Regulations 40 CFR Parts 1500-1508, 29 Nov 78; CEQ Memorandum 30
Aug 76.

In consultation with the Puerto Rico Government and the U.S. Fish and Wildlife
Service we have determined that the proposed major Federal action will not
significantly affect the human environment. The draft Detail Project Report
and FA have been submitted to the respensible Federal, Commonwealth and local
officials for comment. Their responses will be reviewed and considered during
the process of project finalization and prior to making a Finding of No
Significant Impact and that an EIS is not reguired.

10.12. MNational Historic Preservation Act of 1966, as amepded. 16 U.S.C. 470
et seq., as amended by PL 102-575, 2 Nov 92. The head of any Federal agency
having direct or indirect jurisdiction over a proposed Federal or Federally
assisted undertaking shall, prior to approving expenditure of any Federal
funds on that undertaking, take into account its effect on any district, site,
building, structure, or object that is included, or is eligible for inclusion,
in the National Register of Historic Places. The head of the Federal agency
shall afford the Advisory Council on Historic Preservation a reasonable
opportunity to comment with regard to such undertaking. Advisory Council on
Wistoric Preservation Regulations, 36 CFR Part 800, 44 F.R. 6068, 30 Jan 79.

Consideration of effects on such resources are addressed in the body of the
EA, and comments have been received from the State Historic Preservation
Cfficer. The Advisery Council on Historic Preservation has been asked to
comment on the draft Detail Project Report and EA. Impacts to known
archaeclogical and other cultural vresources have been avoided, except for one,
which will be documented for mitigation, and unknown resocuvces Lhal may
potentially be present will be protected through monitering during project
construction.

10.13. Coastal Barrier Resources Act. The Act prohibits certain types of
development on designated coastal barrier islands or portions thereof (CBRA
units) end requires that a project Jocated in a CBRA unit be subjected to
comments by the Secretary of the Interior.

The study area is not in a designated CBRA unit.
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INTRODUCTION:

The Rio Grande de Manati drains a total of 204 square miles. The
upper drainage drains through an area of volcanic origin while
the lower drainage meanders through limestone Karst topography.
The river opens into a coastal plan just below the town of
Barceloneta. A sand bar usually blocks the mouth of the river
during the winter months, an estuarine marsh is located just
behind the sand bar. The Matrullas, Guineo, Yahueca, and Prieto
reservoirs are located in the upper drainage. Rainfall in the
area averages some 54 inches near the coast and 61 inches six
miles inland. The months with the most rainfall are October
through December these are also the months of greatest discharge
for the river. Gauge station data at the Highway 2 bridge near
:he town of Barceloneta indicates a maximum height of 33.3 feet,
and a-maximum discharge of 119,000 cfs. The mean annual flow is
some 267,000 acre feet. The river overflows its banks on the
average of once every 2 years with major floods resulting once
every 7 years. This gives a flood probability of 13% for any
given year, resulting in the frequent flooding of the town of
Barceloneta. From 1899-1980, 12 major floods have occurred in
the Rio Grande de Manati river valley. A typical flood can

inundate the valley with at least 3 feet of water.

The proposed flood control project plans for the construction of
a levee around the town, a north pilot channel to eliminate a
weander, and a second, south pilot channel to move the river away

from the town. Several culverts, road crossings and three
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ponding areas within the levee are also proposed.

Sugarcane was the main agricultural crop in the project area
until 1965 when the Monserrate sugar mill cf%sed._ Most of the
sugafcane fields were either abandoned, used for pasture or
pineapple production. Over 70 percent of the land belongs to the
Puerto Rico Land Authority, or the Puerto Rico Conservation
Trust. At the time of this survey the majority of the lands west
of the Rio Grande de Manati were in an abandoned state. They are
being used for pasture. A1l the lands within the project
boundaries are currently abandoned or pasture. East of the river

the areas are still in active sugarcane production, with some

fields being used for hay.

SOTLS:

The principal soil series in the project area are Coloso and Toa.
Both of these soils originate from fine alluvial sediments.
Alluvial deposits in the river valley maybe as much as 300 feet
thick. Toa soils are deep and well drained. Coleso soils are
somewhat poorly drained. Both are typical floodplain soils and
both are known to have hydric inclusioris of Bajura soils. Some
Coloso soils have been extensively drained for agricultural

purposes for over a century.

WETLANDS:
The majority of wetlands in the Barceloneta area are either

directly related to the Rio Grande de Manati, or form part of the
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basin mangrove forests that are common along the north coast of
Puerto Rico. Wetlands within the project site are limited to
riverine wetlands along the banks of the river and small patches
of herbaceous wetlands found in the abandong‘d fields . These
habacecus wetlands arerslowly forning as drainage canals and
ditches block up from lack of maintenance. As a resixlt, the
naturally ocourring swales in the landscape are reverting back to
wetlands. These wetlands can be best classified as seasonal and
depend on annual flooding to maintain their wetland
characteristics. Flooding and ponding for prolonged periods is
the driving force in these wetlands. Typical vegetation found
along the river banks include wild cane Arundo donax and
Gyneriun saggittatum, guinea grass Panicum maximum, elephant

grass Pennisetum puyrpureum, and saw grass Cladium jamaicense.

Many of the ditches and drainages in the project site have beconme
sedimented and as a result they have become colonized by wetland
plants. Dominant species include cattails Typha domingensis,

sedges Cyperus spp., and Job's tears Coix lacryma-jobi.

Project descriptions:

1) Southern Pilot Channel: This channel will be cut through
active sugarcane fields in Toa soils. The river channel
currently cuts at the base of a hill just below Road 140. There
are several houses and part of a residential development just
above the river. The southern pilot channel will join the

existing river channel below an abandoned metal bridge. 1In
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conjunction with the pilot channel, a levee will be built along
the existing river channel completely eliminating all riverine

vegetation.

2) Nérth Pilot Channel: This channel will eliminate a major ﬁend
in the river. The river currently bends southwest towards the
town and then runs north paralleling the town. The pilot channel
will eliminate this bend and join the natural channel north of
the town. The pilot channel will out through existing sugarcane
fields, known as the “Predio Barceloneta y Vega®. These fields
are still in cultivation and will be isolated by the channel.
These sugarcane fields form part of the Hacienda Esperanza
Natural Reserve and are jointly managed by the Puertc Rico Land
Authogrity, Puerto Rico Sugar Corporation and the Puerto Rico

Conservation Trust (Figure 1).

3) Western Levee: The southern levee turns 20 degrees at the
corner of the residential development. It moves away from the
river channel and parallels the town. Thes levee will run through
fallow fields belonging tc the Puerto Rico Land Authority, which
are currently being used as pasture. Aé it moves away from the
river, the vegetation is dominated by guinea grass, tan-tan
Leucaena leucacephala, Sesbania spp., and african tulip tree
Spathodea campanulata. Many of these are fast growiﬁg colonizing
species. The levee will cut across some small patches of
wetlands just before crossing the river. These herbaceocus

wetlands are located in swales and are comprised of elephant
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grass, cane, and saw grass. After the river crossing, the levee
crosses the "Predio Barceloneta y Vega®. It will run directly
through the active cane fields. With the construction of the
North Pilot Channel and the levee, these fie¥ds will essentially

be eliminated.

4) The levee crosses the river just north of the town and then
takes a northwesterly route. The levee runs just north of the
now defunct Plazuela sugar mill and then turns south to join the
karst hills at Road 682. Along this transect the levee will
cross several small wetland areas. The fields in the area are
not in active cultivation. Many are being invaded by African
tulip trees and tan-tan. The drainage canals in these fields
i1ave become blocked and as a resulit, wetland hydrology has
returned in some isolated spots. Wetland vegetation includes

cattails, sedges, Paspalum millegrana, and Panicum aquaticum,

Site Inspections:

site 1) Open field east of the Sixto Escobar Stadium. The levee
and drairage ditch will run parallel to the town in this area.
The levee will run north, parallel to a residential area {Photos
1&%2 ). Several home owners have expanded their yards out into
the fields and might be impacted by the drainage channel. The
land belongs to the Puerto Rico Land Authority, it was once in
sugarcane but its now in pasture. Several horses were seen in
the northern portion while cattle are using the southern portion

(Photo 3). Vegetation is predominantly upland and consists of
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plush grass Chloris spp., wire grass Eleusine indica, hairy grass
Paspalum paniculatum, guinea grass and African tulip trees. The
levee and drainage channel will cross several small patches of
wetlands at the northern portion of the fief;is just- before
crossing the river (Photo 4). The small pockets of wetlands form

in swales, and contain wild cane and elephant grass (Photo 5).

Site 2) "Predio Barceloneta y Vega®™: This area is currently in
active sugar cane production (Phote 6&7). The North Pilot
Channel and the levee will both impact this area. At the time of
the inspection the sugar cane wag being harvested (Photo 8).

Some wetland vegetation exists along the river banks in a fringe
about 2 meters wide. In the northern portion of the site the
levee and drainage channel will cross the river. A culvert is
proposed for this site to provide drainage into the Rio Grande de
Manati. This area has some small banana plantations. The river
banks on the town side have been severely eroded and have been

armored with gabions (Photo 9).

8ite 3} Plazuela sugar mill: This mill is no longer in use and
thé buildings house the Municipal Public Works Department. The
surrounding fields were once in sugarcane production but are now
in an abandoned state (Fhoto 10). All of the o0ld irrigation and
@rainage ditches are éither filled or clogged with wvegetation

{(Photo 11). Some fields now flood freguently enougt}x‘ to support
wetiand vegetation. These fields are mostly Coloso soils-which

are known to have a hydric component (Photo 12). The levee will
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run just north of the mill and then curve south to join Road 6€82.
An existing drainage will cross the levee via a culvert. As the
levee heads south it again crosses through abandoned fields

{Photo 13} that have small pockets of wetlands.

Site 43 Bouth Pilot Channel: In this area the town and Road 140
are situated on a karst rise. The river flows directly beneath
at the foot of the karst (Fhoto 14). The new pllot channel will
move the river southeast, away from the road and town of
Barceloneta. Yhe levee will start at this point and will
parallel the pilot channel before veering north to paraliel the
town. The flcod control measures will impact active sugarcane
fields and abandoned fields (Photo 15). The new PR highway 22 is
just 2 miles south of the proposed channel and levee. Road

construction was underway during the time of the inspection.

Site 5) Disposal and Borrow sites: Several sites have been chosen
for borrow material and disposal. Because of the construction of
PR~22 several of the designated sites are already being used.

The karst hill located east of town has an active guarvy {(Photo
16). This quarry is providing material.fcr highway construction.
The second borrow site is located in karst formations between
Roads 682 and 140, this site has numerous residences located
nearby. The designated disposal site is located east of the
Imbery community and is just several hundred meters south of the
ongoing highway construction. Its comprised of an empty field

{Photo 17), currently being used for cattle grazing. There are
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some isolated karst hills towards the east of the site.
communications with PR Highway officials indicate that there are

some plans for the site, although definitive plans were not

available.

Fish and Wildlife Resnurces:

The pilot channels, levee, and drainage channel will all be
traversing elther sugarcane fields, or abandoned fields reverting
to a more natural state. There are some smail herbacecus wetland
areas that will be eliminated by the project as well as riverine
wetlands. Although these wetlands currently have relatively low
habitat value they do provide foraging for snowy egrets (Egqretta
thula), little blue herons (Earetta caerulea), green-backed
hemng {Butorides striatus), and other wading birds.

The borrow and disposal sites are located in karst hills. Karsts
are known for their high levels of endemic flora. They are also
the primary habitat of the Puert: Qico boa (Epicrates inornatus).
At the time of the site inspection dead boa specimen was found
along Road 140. It was apparently killed by a vehicle while
txying to cross. Highway construction has already impacted
several of the karst hills in the area. Once the exact sites are
determined for borrow and disposa., a detailed survey of those
sites should be carried out for endangered plant species and PR

boas.
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Recommendations:

The Corps should consider maintaining and managing the proposed
ponding areas for mitigation. These pondinE areas do not appear
in the plans provided to the Service dated January 23, 1992.
However the ponding areas appeared in previous plans. By
providing enough depth to maintain some standing water these area
could become excellent herbacecus wetlands. The use of weirs
just before the culverts could allovw water retention during
normal flows. Overflow into the culverts could be easily
controlled. This would mitigate for the wetlands lost due to
construction and by the town's expansion once flood protection is

provided.

The Corps will have to negotiate with the Puerto Rico
Conservation Trust and Commonwealth Government concerning impacts
to the Esperanza Natural Reserve. Some form of access will have
to be provided for the fields islolated by the levee and north

pilot channel.
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Photo 1) lLevee route looking south to PR highway 2. Town is to the
left of the photo, vegetation is mostly guinea grass.

Photo 2) Levee route looking north. Town is to the left. . Vegetation
is guinea grass, tan-tan and vines. A small patch of elephant grass
is visible by the whitish inflorecense in the center of the photo
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Photo 3) Levee route looking south, area is being used by cattle.
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Photo 4) Site where levee will cross the Rio Grande de Manati. Notice
wetland vegetation on either bank. The river here turns sharply and
parallels the town. This bend will be eliminated by the North Pilot

Channel.

)

Photo 4) Small patch of wetlands found in swale. Wetland vegetation
is visible to the left of the photo.
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Photo 6) Active sugarcane field in "Predio Barceloneta y Vega®. This
area is part of the Hacienda Esperanza Natural Reserve.

Photo 7) North Pilot Channel route through cane fields in "Predio
Barceloneta vy Vega.
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Photo 8) Sugarcane field that has just been harvested. Cane fields
run up to the river bank leaving just a narrow fringe of riverine
vegetation.

.-_ 5 g b o)

&

Photo 9) Gabion reinforcement of river bank along Road 684 north of
the town of Barceloneta.
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Photo 10) View of Plazuela sugar mill and surrounding fields. Small
patches of wetlands occur throughout the area depending on the micro
topography. ’

Photo 11) Remains of drainage ditch. Cattails and sedges now dominate
the site. Water overflows the ditch and the hydrophitic vegetation is
expanding.
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Photo 12) View of levee route north of the Plazuela sugar mill. The
has been completely abandoned although there are some cattle on the

property.

Photo 13) Southern levee route close to Road 682. A small wetland
area can be seen in the center of the photo. Wetland vegetation is
greener than surrocunding vegetation.
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Photo 14) Levee route locking towards Road 682. Fields are abandoned,
cattails are growing in old drainage, African tulip tree is the
dominant tree species.

Photo 15) View of area to be impacted by South Pilot channel.
Foreground is pasture, background active sugarcane fields.,
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Photo 16) View of the levee route just before it joins Road 6€%2. The
proposed Borrow site #1 can be seen in the background .

Photo 17) View of the proposed disposal site.
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ATTACHMENT B

PRELIMINARY SECTION 404(b){1) EVALUATION
CLEAN WATER ACT

SECTION 205 FLOOD PROTECTION STUDY ;
RIO GRANDE DE MANATI AT BARCLLONETA, ‘PUERTO RICO

I. Project Description

a. Location: Northceniral coastal area of Puerto Rico, Municipality of
Barceloneta.

b. Genera] Description: The principal features include a levee around
the town of Barceloneta, two pilot channels in the Rio Grande de Manati, a
drainage canal with an average 1.5-meter-deep flow on the protected side of
the levee, and two flap-gate culverts. Other features include gabion or
riprap protection for the levee adjacent to the south pilot channel, riprap in
the pilet channels, four road ramps, and relocation of six families. Fill
material will be excavated from project channels, and excess will be deposited
along the outside of the west levee. Some levee material will be taken from a
commercial quarry west of the project site.

c. Authority and Purpose: A study of the feasibility of flood
proteciion measures within the Federal interest was made under authority of
Section 205 of the Flood Control Act of 1948 as amended.

d. Geperal Description of Fill Material:

(1) General Characteristics of Material: Alluvial clay and sandy clay.
{2} Quantity of Material: 817,000 cubic yards.

{3} Source of Material: Channels excavated for the project and a
commercial quarry..

e. Description of proposed discharge gites

(1} Location: Drainageway at north culvert and an area of periodic
groundwater seepage at the east culvert and road ramps (Plate 5). River
channel at upstream end of project and in the river channel adjacent to the
town of Barceloneta.

(2} Size, {3) Type of Sites, and (4) Types of Habitat: 6.7 acres of
drainageway {palustrine} wet areas unconfined in cultivated or grazed land;
4,170 meters of linear riparian wetlands confined to steep river banks.

{5} Timing and Duration of Discharge: Timing will be at the mutual

convenience of the project sponsor and the U.S. Army Corps of Engineers, and
duration of construction will be about one year.

145



f. Description of Disposal Methods: Disposal will be by conventional earth-
moving equipment such as dump trucks, pans, bulldozers, drag-Tine.

IT. Factual Determinations:

a. Physical Substrate Determinations:
(1) Substrate Elevation and Slope:

Palustrine sites: At the north culvert site 1.3 acres of intermittently
flooded wetlands in an improved natural drainageway will be covered by the
levee, interior drainage canal and right-of-way. The levee would be built to
an average height of about 4.7 meters (15 feet) and the channel would have an
average depth of flow of about 1.5 meters {5 feet) and about 9 meters (30
feet) top-width. The ievee and channel side slopes will be 1 on 3. The
culvert through the Tevee will permit continued drainage as at present.

At the east culvert site 5.4 acres of palustrine wetlands in a
groundwater seepage area adjacent to the river will be covered by levee, road
ramps and internal drainage canal. Levee and channel dimensions will be
similar to those described for the north culvert site.

Riparian sites:; Riparian sites to be filled are the near-veriical banks
of the Rio Manati. Because the steep channel sides offer only a very narrow
expanse, this habitat is reported in Tineal units. Adjacent to the town of
Barceloneta the river channel will be filled to one meter elevation, ieaving a
shallow drainage-way for conveyance of rainwater from the site through the
east culvert to the river. Fill material to be placed in river channels will
be of alluvial clay and sandy clay sub-soil excavated for construction of the
project channels. The drainageway would be top-dressed with topseil. As a
result about 2,000 meters (1.2 miles) of riparian habitat clinging to the two
steep channel sides will be covered. The drainage-way will function similarily
to the way the drainageways in the area now function, supporting temporarily
flooded palustrine wetlands, replacing the riparian wetlands for no net
wetland loss. The remainder of the by-passed river (1448 m; 0.9 mile) wiil be
left as a slough-like backwater connected to the flowing river.

Construction of the levee, drainage canal and right-of-way at the upstream
(south) end of the project will require filling the river reach there,
covering 785 meters of steep riparian habitat on each bank. A pilot channel
will be constructed to replace the river reach at that location, but the banks
of the 1 on 3 side slopes will be riprapped. The result will be a net loss of
1,570 meters of lineal riparian habitat at the upstream site.

A similar pilot channel will be constructed in the downstream extremity of the
project with a net loss of 600 meters of 1ineal riparian habitat at the points
where the newly created channel connects with the river. The pilot channel’s
1 on 3-sloped banks will be riprapped.

The net tally of these activities is:
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(i) 6.7 acres of palustrine habitat will be covered by levee and
channel, and 21.7 acres of palustrine wetlands will be created by excavation
of the interior drainage canal;

{i1) 2.4 km (1.5 mile) of river will be by-passed and replaced with a
785-m (6.5 mile} downstream pilot channel; 1,000 m (0,6 mile) of. by-passed
river will be filled and replaced with a 10.1-acre, I=m-elevation drainage-
way; 860 m (0.5 mile) of former river will be left as a slough-like backwater
connected to the flowing river; 785 m of river channel will be replaced with
an upstréam pilot channel;

(11} linear riparian habitat that will be filled and not replaced
totals 4,170 meters (2.6 miles}.

This tally represents replacement of 6.7 acres of palustrine wetlands with
11.6 acres of drainage canal and 10.1 acres of drainageway on the filled river
segment, representing 15 acres net gain in palustrine wetlands. A total of
4,170 m (about two acres) of limear riparian habitat will not be replaced
because of the net gain in wetlands the project would produce.

{2) Sediment Type:

Palustrine Sites apd Riparian Sites: Levee construction material and
Fi11 material to be placed in river channels will be of alluvial clay and
sandy clay sub-soil excavated for project channel censtruction. The levee and
right-of-way would be top-dressed with topsoil.

{3) Fill Material Movement:

Palusirine and Riparian Sites: Erosien control measures will be
employed as needed to control erosion of the levee sides; these may include
grass seeding and mulching. If other temporary soil-holding devices or
measures are necessary, they will be used. Siitation and sedimentation from
the levee will thus be minimized and insignificant.

(4) Physical Effects on Benthos:

Palustrine Sites: Benthos in these sites would be those that develop
quickly in temporarily flooded sites, such as mosquito and fly larvae. These
may be expected to occur presently in existing sites in the area, and the net
gain of 15 acres of intermittently flooded wetlands would have no significant
effect upon such populations.

Riparian Sites: Near the surface in the river bank vegetation aquatic
insect tarvae (Odonata, Diptera, Coleoptera), snails, leeches and oligochaete
worms may be found. Benthos in the soft, muddy silt of the bottom of the
sTowly flowing river would be those tolerant of near-anaerobic conditions and
sa]%—water. The benthos, which we have not sampled, will be buried by the
£i11.

(5) Other Effects: HNone.
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(6) Actions Taken to Minimize Impacts:

Erosion control of newly placed fi11 will confine adverse impacts fo the fi11
arga, insofar as possibie.

b. MWater Circulation, Fluctuation and Salinity Determinations:

{1} ¥ater:

(a) Salinity: The Rio firande de Manati is estuarine within the study
area. A salt-water wedge has been detected in the river upstream as far as
about 0.2 mile north of the upstream limit of the project (Gomez-Gomez, 1984).
The position of the upstream extremity of the salt wedge is correlated with
the river’s flow rate and elevation relative to sea level. "The maximum
possible inland extent of the wedge, if all flow was diverted at Highway 2,
would be Timited to the upsiream distance at which the river bed lies below
sea level. This point was defined as river mile 6.8 sbove the mouth® {Gomez-
Gomez, 1984}. Implementation of the recommended plan will not reduce normal
flow rate nor alter the river’s elevation, and the new downstream pilot
channel would cause a small increase in normal river flow rate. The salt
wedge could not move farther upstream during Tow flows, and during normal flow
rates the wedge may not extend as far upstream. No net change in the salinity
gradients in the river will occur as a result of the recommended pian.

{b} WYater Chemistry: The recommended plan will not affect water
chemistry except for the salinity effects discussed above.

{2} Current Patferns and Circulation:

(a) Current patierns and flow: The Rio Manati at Barceloneta flows
stowly in a meandering channel, is tidally influenced, and comtains a salt-
water wedge moving tidally along ihe bottom. Under the recommended plan the
river channel would be displaced southward at the upstream end of the project;
the flow pattern would be unchanged. Downstream, a 1.9 km (1.2 mile) segment
would be by-passed and a new, 760-m {0.5-mile) pilot channel would be
constructed. A& 1,000-m {0.6-mile) segment of the by-passed river would be
filled to 1 meter elevation, resulting in a 10-acre drainageway {palustrine
habitat). Storm water that now enters the segment to be filled will drain
into the river near the downstream end of the downstream pilot channel. The
remaining 860 meters (0.5 mile) of the by-passed river segment will be left as
a slough-Tike backwater connected to the flowing river; this slough-1ike
channel may sventually 111 with sediment. The effects on the salt water
we?ge of shortening the river by one mile are discussed above (II b{1}{s}
Salinity).

{b} Velocity: Little effect; some increase through the new, downstream
pilot channel.

(c) Stratification: No effect

{d} Hydrologic Regime: River flood waters would be excluded from the
Tevee-protected area, and flood waters outside of the levee would be higher by
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0.7 m to 1.2 m. This condition would affect cultivated (pineapple and
sugarcane) and grazed lands in the flood plain. Other man-made features, e.g,
the towns of Garrochales, Imbrey and E1 Cantito, and the Hacienda La Esperanza
site are located on high ground that would not be affected by the higher river
flood waters.

(3) Normal Water Level Fluctuations:

Normal (other than flood) water fluctuations would not be affected by the
recommended plan.

(4) Salinity Gradients:
Effects on salinity gradients are discussed above (II b{1)(a) Salinity).
(5) Actions That Will Be Taken to Minimize Impacts:

The pilot channels will be stabilized before the river flow is diverted into
them. Fil11 at the point of diversion will be armored.

c. Suspended Particulate/Turbidity Determinations:

(1) Expected Changes in Suspended Particulates and Turbidity Levels in
Vicinity of Disposal Site: At points where the river channel will be filled
to divert the river, the new pilot channel will first be dug and graded to the
desired dimensions. The new river bed will be stabilized before the final cut
is made and the river flow diverted through the new channel. The pilot
channel will be armored with riprap and bedding stone. Since summer flows in
the project area during March to October are 70-80 cfs (95% probability),
ranging up to 180 cfs in October-January (Gomez-Gomez, 1984), little solid
material will be picked up and carried in suspension. Under existing,
without-project conditions, suspended sediment concentrations reported at
flows of less than 100 cfs range from 30 to 200 pounds per acre-foot (ibid.)
(11 to 74 parts per million). Flow around 200 cfs carries 200-250 pounds per
acre-foot (74-93 ppm), with extreme measurements reported from 30-500 pounds
(11-185 ppm) {ibid.). The annual mean suspended-sediment discharge at Highway
2 is estimated at approximately 100,000 fons per year. HNo project-induced
changes are anticipated.

(2) Effects (degree and duration) on Chemical and Physical Properties
of the Water Column: The fill material will be taken from nearby surface
quarries and will be of the same parent material as the substrate in the fill
areas. It will contain essentially no organic material nor minerals in a
chemically reduced state that would exert a biochemical oxygen demand on the
water. No toxic metals nor organics, pathogens nor viruses would be present
in such forms as to become biologically available to organisms in the water or
substrate.

(a) Light Penetration: The measures discussed in the preceding

paragraphs are considered effective in preventing turbidity plumes of such
severity as to cause adverse impacts in the dark, slowly flowing water.
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(b) Dissolved Oxygen: No effects.

(c)' Toxic Metals and Organics: None will be present in fill material,
nor have any been detected in river water.

(d) Pathogens: None in fill material.

(e) Aesthetics: At the south end of the project, where the river would
be channelized and separated from the town by a grassy, 5-meters-high levee
with 1 on 3 side slopes, the view of the river from street level would be
obstructed.

(3) Effects on Biota:

(a) Primary Production, Photosynthesis: Net effects due to the planned
work will consist of temporary reduction in wetland production while newly
created areas of riparian and palustrine wetlands develop, and permanent
removal of 21 acres of sugarcane farmlands from production by covering with
the project works and road ramps. Long-term effects on wetlands functions
would be negligible, since there will be no net loss of wetlands.

(b) Suspension/Filter Feeders: None are known in the river.

{c) Sight feeders: No effect on such sight-feeders as may be present
during periods of adequate dissolved oxygen concentration.

{4) Actions Taken to Minimize Impacts:

Impacts on wetlands were minimized by aligning the Tevee in the least
damaging configuration. Construction will be planned in the least damaging
sequence, e.g., constructing pilot channels and stabilizing them before
diverting flow into them.

d. Contaminant Determinations:

(1)-(4) Fill material will introduce no contaminants; material will be
taken from the clean, project area, not in areas of dumping. The sites are
sufficiently removed from sources of pollution to provide assurance that the
proposed discharge material is not a carrier of contaminants. The discharge
material will be of the same parent material as the receiving sites,. and there
is no likelihood of the presence of minerals or other harmful substances that
could be released into the aquatic environment. These factors ensure that
there will be no adverse effects on plankton, benthos, nekton, or other
components of the aquatic food web.

{5) Effects on Special Aquatic Sites:
There are no designated sites within the area of influence of the study area,
other than the palustrine and riparian wetlands discussed above. The Hacienda
Esperanza Natural Reserve is non-aquatic.

(6) Threatened or Endangered Species:
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The Corps of Engineers in consultation with the U.S. Fish and Wildlife Service
has determined that species listed under the Endangered Species Act that may
be affected by implementation of the studied project would likely be confined
to disposal and borrow areas considered during preliminary planning, but the
disposal area will not be used in the recommended plan. The borrow area is a
commercial quarry west of the proposed project. Coordination with the U.S.
Fish and Wildlife Service under the Endangered Speciés Act is being conducted
concurrently with public coordination of this report.

(7) Other Wildlife:

Wildlife associated with the temporarily flooded systems inside the protected
area--birds and amphibians--will suffer temporary disruption of intermittent
habitat value during construction. The interior drainage canal will provide a
net gain in such habitat.

(8) Actions to Minimize Impacts:

Construction activities will be controlled to avoid unnecessary and unplanned
damages to plant life and wetlands by vehicle operations, cutting, erosion and
fuel and 0i} spills. The disposal and borrow areas will be surveyed to ensure
that endangered or threatened plants or animals will not be adversely
affected.

f. Proposed Disposal Site Determinations:
{1) Mixing Zone Determination:

Palustrine Sites: Palustrine sites that will be covered by fill for
levee construction and be replaced by the interior drainage canal are now
temporarily flooded to a few inches during periods of rainfall and up to one
meter (3.3 ft) during river flooding. There will be no mixing zone impact.
Net discharges of rain waters will be unchanged.

Riverine and Riparian Sites: Sites of river channel fill will be cut
off from river flow, so there will be no mixing of fines from fill with river
waters. -

(2) Determination of Compliance with Applicable Water Quality
Standards:

Water quality will not be adversely impacted, and Commonwealth water quality
standards will be met. Contaminants will not be introduced by fill material
that may become suspended or dissolved in river water. As flow is introduced
into the pilot channels some sediment from the removed plug may be expected to
be carried in suspension for a short time. No biological resources sensitive
to suspended and settling sediment are present. River bottom sediments will
not be dredged; at points of river diversion the existing channel will be
filled and the bottom sediments covered.

(3) Potential Effects on Human Use Characteristics:
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{a) Municipal and Private Water Suppliy: Such water supplies are drawn
from wells drilled into the alluvium and 1imestones down to a depth of 200
feet below sea level in areas south of Highway 2 (Gomez-Gomez, 1984).
Additionally, industrial wells have been drilled into a freshwater artesian
aquifer at a depth of approximately 1,100 to 1,700 feet below land surface in
the valley (ibid.). The planned works will not affect recharge of these
aquifers nor their waters. -

“{b) Recreational and Commercial Fisheries: There are no such fisheries
of significance in the study area, but in the estuary at the mouth of the
river, such fisheries are practiced. The planned work will not impact the
estuarine area.

{c) Water Related Recreation: No such resource is utilized in the study
area. The river is slowly flowing and turbid, and boat launching is done only
in’ the estuary.

(d) Aesthetics: At the south end of the project, where the river would
be channelized and separated from the town by a grassy, 5-meters-high levee
with 1 on 3 side slopes, the view of the river from street level would be
obstructed.

(e) Parks, National and Historical Monuments, National Seashores,
Wilderness Areas, Research Sites, and Similar Preserves: The downstream pilot
channel will take 21 acres of the Hacienda La Esperanza Natural Preserve now
ir sugarcane cuitivation. Access by ramp to the 62 acres that the levee would
cut off will be provided.

g. Determination of Cumulative Effects on the Agquatic Ecosys m:

No additional effects beyond the direct effects of project construction and
functioning will occur to the Rio Manati aquatic ecosystem, nor to palustrine
wetlands in the area. . A1l effects are described in the foregoing parts of
this evaluation.

h. Determination of Secondary Effects on the Aquatic Ecosystem:

Implementation of the recommended plan will not reduce normal flow rate nor
alter the river’s elevation, and the new downstream pilot channel would cause
a small increase in normal river flow rate. The salt wedge could not move
farther upstream during low flows, and during normal flow rates the wedge may
not extend as far upstream. No net change in the salinity gradients in the
river will occur as a result of the recommended plan. Flooding outside the
levee may be deeper by a few centimeters, but developments are located on
elevated Tand features and would not be affected.

III. Findings of Compliance With the Restrictions on Discharge:

1. No significant adaptations of the guidelines were made relative to this
evaluation.
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2. Availability of alternatives which would have less adverse impact on the
aquatic ecosystem (alternatives considered that are available and practical
and why the selected alternative would have least significant impacts) have
been considered and documented in the main report and the environmental impact
statement.

3. The planned use of clean fill to fill a section of the river and to
construct the levee in the upstream river reach of the study area would not
violate any applicable water quality standards. Filling the palustrine sites
for levee construction would viclate no applicable water quality standards.

4. Filling the disposal site, riverine reaches and palustrine sites, and
quarrying fill from the commercial quarries for project construction, while
employing aforementioned precautions, will not harm any species listed under
the Endangered Species Act nor their critical habitat, nor violate any
protective measures developed by the Commonwealth of Puerto Rico.

5. The proposed disposal of dredged material will not result in significant
adverse effects on human health and welfare, including municipal and private
water supplies, recreation and commercial fishing, plankton, fish, sheilfish,
wildlife, and special aquatic sites. Life stages of aquatic life and other
wildlife will not be adversely affected. Significant adverse effects on
aquatic ecosystem diversity, productivity and stability, and on recreational,
aesthetic and economic values will not occur.

6. Appropriate steps to minimize potential adverse impacts of the discharge
on aquatic systems include construction and stabilization of pilot channels
before the river is re-routed and protection of fill against excessive erosion
that could cause deposition of fill on wetland substrates.

7. On the basis of the guidelines and with the inclusion of appropriate
practical conditions to minimize pollution or adverse effects to the aquatic
ecosystem, discharge of fill on the proposed sites is specified as in
compliance.
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ATTACHMENT €

CERTIFICATION OF COMPLIANCE WITH THE
PUERTO RICO COASTAL MANAGEMENT PROGRAM

Name of Federal Agency: U.S. Army Corps of Engineers
Jacksonville District

Federal Program Catalog Number: N/A

Type of Action: Civil Works, Construction (Flood Control)

Name of Applicant: U.S. Army Corps of Engineers, Jacksonville District
Address: P.0. Box 4970, Jacksonville, F1. 32232-0019

Physical Description of Project Location: {Please refer to tﬁe attached

Feasibility Report and Environmental Impact Statement): Rio Grande de Manati
flood plain at Barceloneta, Municipality of Barceloneta, Puerto Rico.

Type of construction proposed: Construction of an earthen ring-levee around
the town of Barceloneta, road ramps, an interior drainage canal and two pilot
channels, placement of two drainage culverts and filiing of river channel
segments replaced with pilot channels, for the purpose of flood protection to
urban development.

Natural, artificial, historic or cultural systems likely to be affected by the
project: Effects are described in Section 4.00 of the Environmental Impact
Statement. A portion of the Rio Grande de Manati adjacent to the town of
Barceloneta would be cut off, partly filled and repiaced with a pilot channel.
Another river segment at the upstream extremity of the project would be filled
and replaced with a pilot channel. Temporarily flooded drainageway wetlands
would be filled and replaced with an interior drainage canal for a net gain in
total wetland area. Sugarcane farmland would be cut off and taken out of
production. One historical site eligible for listing in the National Register
of Historic Places will be affected by the project and will be documented for
mitigation.

Other permits. approvals and endorsements from Federal and Puerto Rican
Government Agencies required: Refer to the EIS, Compliance with Environmental
Requirements.

. Water Quality Certificate (EQB): VYes, to be applied for.

. Regulation and Permits Administration: No

. Department of Natural Resources: Yes. Review and approval of the EIS.
. State Historic Preservation Office: Yes. Approval.

. U.S. Army Corps of Engineers: Not applicable.

. U.S. Coast Guard: No

10. Endangered Species Concurrence, Determination of No Impact: National
Marine Fisheries Service: No.

Fish and Wildlife Service: Biological opinion of no effect received.

NeRec R RV RN Sant

CERTIFICATE: The U.S. Army Corps of Engineers certifies that the Rio
Grande de Manati at Barceloneta Flood Control Project is consistent with
the Puerto Rico Coastal Zone Management Program to the maximum extent
practical.
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RIO GRANDE DE MANATI DETAILED PROJECT REPORT
SECTION 205 FLOOD PROTECTION STUDY

FINDING OF NO SIGNIFICANT IMPACT

i have reviewed the plans and the Environmental Assessment of the -considered
action. Based on information analyzed in the Environmental Assessment,
reflecting data obtained from site examination and from cooperating Federal
and State agencies having jurisdiction by law and/or speciail expertise;~and
from the interested public, I conclude that the considered action will have no
significant impact on the quality of the human environment.

Reasons for this conclusion are, in summary:

a. Impacts to wetlands have been minimized by appropriate levee
alignment, and remaining impacts have been mitigated in full by project
features. No important fish and wildlife habitat will be adversely affected.

b. Impacts to known archaeological and other cultural resources have
been avoided, except for one, which will be documented for mitigation, and
unknown resources that may potentially be present will be protected through
monitoring during project construction.

¢. No hazardous nor toxic materials are in the study area, and water
quality will not be impacted.

d, There will be no adverse impacts to endangered or threatened species
because of precautions to be taken in use of a commercial quarry for borrow
material.

In consideration of the information summarized, I find that the considered
action does not require an Environmental Impact Statement.

March 24, 1994
date

RRENCE C. SALT
olonel, Corps of Engineers
Commanding
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II.

INTRODUCTION:

This appendix presents the basic hydrologic data and
analyses used to define the hydraulics of the Lower Rio
Grande de Manati in the vicinity of the town of Barceloneta
under existing and with-project conditions. Shown on Figure
A-1 is the river basin located in north-central Puerto Rico.
The study reach extends from the coast upstream to Puerto

‘Rico Highway-2 (PR-2), a distance of 6.35 kilometers. The

detajled study area is shown on Figure A-2.

DRAINAGE BASIN INFORMATION:

A. Watershed Description.

Rio Grande de Manati drains a basin on the northern slopes
of the Cordillera Central (the central mountain range of
Puerto Rico). The river flows northwest from its origin.
Most of Rio Manati is a steep mountain stream, except near
the coast where the river flows across a flat-wide flood
plain. The Rio Grande de Manati is 90 kilometers long and
drains an area of approximately 447 square kilometers.
There are two small water supply reservoirs at the upper
part of the watershed: Guineo Reservoir, on the upper Rio
Toro Negro, and Matrullas Reservoir, on the Rio Matrullas,
which impound runoff from about 15.5 square kilometers.
Part of the runoff of this area is diverted to the southern
coast. However, since this area is less than 4 percent of
the drainage area at PR-2, the effect of the reservoirs on
floods in the study area is not significant. The
communities of Ciales, Manati, and Barceloneta are the main
population centers along Rio Manati’s course.

B. Topography.

The Rio Grande de Manati drainage area is predominately
mountainous with elevations ranging up to 1,200 meters above
sea level. Near the ocean the Rio Grande de Manati basin
widens to a relatively flat coastal flood plain. The
coastal alluvial flood plain at the lower end of the basin
extends for about 25 kilometers and averages approximately 2
kilometers in width. Invert elevations for the Rio Grande
de Manati range from 800 meters upstream to -3 meters at the
coast.

C. Tributaries.
The principal tributaries to the Rio Grande De Manati are:

Rio Orocovis (71 square kilometers), Rio Toro Negro (90
square kilometers), Rio Cialitos (50 square kilometers), Rio
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Bauta (75 square kilometers). All major tributaries join
Rio Manati upstream of the study area.

D. Soils.
A report titled "Soil Survey of Manati Area Northern Puerto
Rico" published by the U.S. Soil Conservation Service (ScCS),
illustrates on aerial photographic maps the various soil
associations within the Rio Manati Basin. The soils on the
coastal plain are deposits of sandy, clayey, and loamy
materials. These soils are associated into numerous
combinations. However, the soils of the coastal plain are
typically deep, gently sloping to level, and well drained.
The soils on the uplands are loamy and clayey with rock
outcroppings. As with the coastal soils, the SCS combines
these soils into many groups. In general the upland soils
are moderately deep, very steep, and well drained. The
soils in the Rio Grande de Manati basin were hydrologically
classified between *C" and "D" which represents-higher than
average runoff.

E. Available Hydrologic Data.

The U.S. Geological Survey (USGS), in cooperation with local
and other Federal agencies obtain a large amount of water
resources data in the Commonwealth of Puerto Rico. The USGS
currently operates five stream flow and water quality
stations in the Rio Grande de Manati basin. The gage
identification numbers and the period of flow records are as
follows:

1. 500038100 Rio Grande de Manati at Highway 2 near
Manati, Puerto Rico (1959-1988 & historical flows
for 1899, 1922, and 1932; missing years 1964 &
1967) .

2. 500035000 Rio Grande de Manati at Highway 145 at
Ciales, Puerto Rico (1960-1988 & historical flows
for 1899, 1922, and 1932)

3. 50031200 Rio Grande de Manati near Morovis, Puerto
Rico (1965-1988).

4. 500032590 Lago De Matrullas at Dam site, Puerto
Rico (1988).

5. 50032290 Lago el Guineo at Dam site, Puerto Rico
(1988).
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F. Flood History.

The flood of August 8, 1899 is the greatest known flood on
the Rio Grande de Manati. On this date rain from Hurricane
San Ciriaco caused widespread damage throughout the Rio
Grande de Manati basin. The second highest flood of record
occurred on September 13, 1928 when Hurricane San Felipe
tracked over Puerto Rico. Most recently two floods in 1985
have caused extensive property damages. Table A-1 provides
annual peak discharge records for Rio Grande de Manati
measured at the USGS gages 50035000 at Ciales, Puertoc Rico
and 50038100 at PR-2.

G. Flood Fregquency.

Hydrologic data, such as the annual peak discharges shown in
Table A-1, when treated as random variables can
statistically estimate flood freguencies of the Ric Grande
de Manati. Analysis of the peak flow data for the
continuous period, as listed in Table A-1, provides better
estimates with higher confidence when combined with the
historic data for the years 1899, 1928, and 1932. A log-
Pearson Type III frequency analysis was performed in
accordance with the guidelines of the Water Resources
Council in Bulletin No. 17B, “Guidelines for Determining
Flood Flow Frequency®, U.S. Department of Interior, 1982.
The resulting flood frequency curves and confidence limits
are shown on Figures 3 and 4.

H. Rainfall.

The National Weather Service (NWS) operates several rainfall
gauges in the Rio Grande de Manati basin as well as the many
others in Puerto Rico. TECHNICAL_PAPER NO. 42 (TP-42) by
the NWS uses the rainfall at various gauges producing
generalized estimates of probable maximum precipitation and
rainfall-frequency data for Puerto Rico and the U.S. Virgin
Islands. Contained in the report are isopluvial maps of
precipitation contours for selected frequencies. The maps
show rainfall increases moving toward the central
mountainous region of Puerto Rico. In this study Rio Grande
de Manati basin was subdivided into 10 subareas. Point
rainfalls for several frequencies and durations were
obtained for the entire basin using TP-42. Necessary
adjustments for aerial distribution, partial duration series
and expected probability were made. Table A-2 presents the
point rainfall data used in the study.
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III.

. Standard Project Storm apd Probable Maximum Precipitation

The Standard Project Storm (8PS) is defined as the most
severe flood-producing rainfall depth-area-duration
relationship and ishohyetal pattern of any storm that is
considered reasonably characteristic of the region. For the
Rio Grande de Manati basin the SPS was assumed to be 50
percent of the probable maximum precipitation shown in the
TP-42. The Probable maximum precipitation is defined as the
greatest depth of precipitation for a given duration that is
physically possible over a given size storm area at a
particular geographical location at a certain time of the
year.

HYDROLOGY 2
A. EEC=]1.

The U.S. Army Corps of Engineers HEC-1 computer program was
used to calculate the runoff volumes and peak discharges for
this study. HEC-1 estimates surface runoff resulting from
synthetic or natural rainstorm events. Two important
choices are methods for losses and routing. Rainfall runoff
for the Rio Grande de Manati Basin was computed using the
SCS curve number methodology. The SCS method calculates
losses from curve numbers which are related to soil type,
land use, and antecedent moisture conditions. Flood
hydrographs were routed in the model by the modified Plus
method for reservoirs and the kinematic wave method for
channel reaches.

B. Formation of HEC-1 Modal.

The following procedures were used to produce the results of
the HEC=-1 model:

1. ©Drainage Area.

Drainage boundaries were delineated in the USGS gquadrangle
topographic maps, with a scale of 1 to 50,000, to determine
the drainage area of the Rio Grande de Manati. The
watershed was divided into sub-basins according to basin
area characteristics. Some of the foothill areas above the
town of Manati are of karstic rock outcroppings. The
Karstic areas contribute very little to the peak flows of
the Rio Grande de Manati floods and were ignored from the
hydrologic computations.
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2. Curve Numbers.

The 5CS curve numbers were calculated for each subarea
congidering the scil types, soil covers, land uses, and
Antecedent Moisture Conditions (AMC). .. Dry conditions (AMC
1) were used for frequencies up to 10 percent chance flood.
Average moisture conditicns (AMC II) were considered for
frequencies up to a 2 percent chance flood and wet
conditions (AMC IXY) for larger floods. Estimated curve
numbers for variocus subareas and AMC conditions are listed
in Table A-3.

3. Lag Time.

Lag times were computed for each sub basin by dividing each
stream into several reaches. Manning’s equation was used to
calculate velocities and travel times for various channel
cross sections. Travel times were multiplied by 0.6 to
obtain SCS lags for each sub basin. Calculated lag times
for various subareas are provided in Table A-3.

4. pischarges for Existing Conditions.

Using TP-42 rainfall data and calculated basin variables
shown in Table A-3, peak discharges and runoff volumes for
Ric Grande de Manati were estimated by HEC-1. A summary of
HEC-1 peak discharges for the Rio Grande de Manati at the
ciales gage and PR Highway 2 are presented in Table A-4.
Figure A-5 ghows the hydrographs for various freguency
floods at PR-2. In addition, HEC-1 peak discharges were
plotted on the fregquency~discharge curves in Figures 3 & 4
for Rio Grande de Manati at Ciales and PR-2, respectively.
The peak flows computed by HEC-1 for various frequencies
compare well with the frequency curves obtained from the
gage data.

The hydrographs estimated by HEC-1, representing total flood
" volumes, wz2re adopted to route the fregquency floods through
the wide floodplain in the study area.

Peak discharges used in the Federal Emergency Management Agency
{FEMA) report at Ciales and PR-2 gage locations are shown in
Figures A-3 and A-4 for comparison. The present study compares
well with FEMA estimates at the Ciales gage. Figure A-4
indicates that FEMA estimates fell below the 95 percent
confidence limit line of the frequency curve and resulted in
significantly lower stages in the study area. The FEMA report,
published in 1982, considered that the records available at the
PR~2 gage were not adeguate for a fregquency analysis; however,
data is now available through water year 1992 and the frequency
analysis compares well with the synthetic storm analysis.
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Iv.

5. Future Condition Discharges.

According to projections of the Puerto Rice Planning Board,
the population of the town of Barceloneta is projected to
increase from 7,200 persons in 1985 to 8,200 persons by the
year 2000. Such a small increase of development in a
portion of the watershed will have negligible effects on the
hydrology of the entire Ric Grande de Manati basin. The
future condition discharges on Rio Grande de Manati are
estimated to be the same as the existing condition
discharges. Interior areas of the town of Barceloneta were
adjusted for future development and increased runoff curve
numbers are shown in Table A-%.

HEYDRAULICS:
A. Hydraulic besign Criteria.

1. General.

Hydraulic design criteria and procedures used herein are in
accordance with standard engineering practice and applicable
provisions of Corps Engineering Manuals and the Waterways
Experimental Station "Hydraulic Design Criteria" relative to
design and construction of Civil Works Projects. Engineering
criteria adopted to meet special local condition are in
accordance with that previocusly approved for similar projects.

The town of Barcelonmeta is located on the bank of a coastal floed
plain immediately adjacent to Rio Grande de Mamati. Although
most of the Rio Manati basin jis mountainous with steep slopes,
the project area, at Barceloneta is in a wide coastal plain with
shallow slopes. This reach of the flood plain is characterized
by a relatively small meandering channel with heavy vegetation in
overbank areas. lLarge storm events gquickly exceed the dominant
discharge channel and pass through a broad floodway on its way to
the coast. The town starts to experience flooding when flows in
the Rio Grande de Manati exceed the bank full capacity.

Proposed proiject design features consist of a ring levee around
the town to prevent flooding from high stages in the flood plain.
Interior drainage features would be added to convey discharge
runoff from protected areas to the floodway.

2. Water Surface Elevations..

Existing and proposed conditions were analyzed using the Dynamic
Wave Operational Model (DWOPER) and Hydrologic Engineering Center
program entitled HEC-2. DWOPER is a dynamic wave routing model
based on an implicit finite difference solution of the complex
one-dimensional St. Venant equation. The program uses unsteady
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state flow conditions and takes in consideration the storage in
the basin. HEC~2 uses the standard-step backwater computation
approach for computing water surface elevations.

a. Existing Conditions.
(1). Formation of DWOPER Model.

The Dynamic Wave Operational Model (DWOPER) was used to
estimate flood levels for the Rio Grande de Manati study
area. DWOPER is a dynamic wave routing model based on an
implicit finite difference solution of the complete one-
dimensjonal St. Venant equation. Input to the model are
river cross sections, HEC~1 generated inflow hydrographs at
selected junctions and basic hydraulic parameters such as
Manning‘s roughness ("n"} and contraction and expansion
coefficients.

The river cross sections for the study area were obtained
from aerial topographic maps prepared in 1978 to a scale of
1 to 5000. In addition, the channel cross sections surveyed
in the detailed study area were incorporated in the
analysis. Sixteen cross sections were used to define the
filow path of the study reach.

Rio Manati has two other outlets to the ocean in addition to
the main channel. HEC~2 analyses were performed on the
three outlets to determine a combined stage-discharge rating
curve at the junction of the three branches. Critical
depths were assumed at the three ocean outlets. The
combined stage-discharge rating curve was used as the
downgtream boundary condition for the DWOPER model. The low
land area available in Cano Tiburones was treated as a
tributary stream in the DWOPER model.

(2). Model Verification.

A flocd atlas prepared for the October 1985 flood by USGS
showed several high water marks in the study area for a peak
discharge of 2,754 cubic meters per second (cms) at PR-2.
The "n" values were estimated for the DWOPER model based on
the simulation of the 1985 flood. The estimated "n" values
ranged from 0.06 to 0.15. Figure A-6 shows the comparison
between the simulated flood profile and high water marks.
The model results were very similar to the high water
profile.

{3}. Flood Stages.
Existing condition flood stages were computed by DWOPER

model using HEC-1 flood hydrographs for various frequencies
ranging from 50 percent chance flood to 1 percent chance
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flood event and the Standard Project Flood (SPF). Table A-5
lists the existing condition flood stages at several cross
sections in the study area for various frequencies. The
existing condition flood profiles for various frequencies
are shown in Figure A-7.

computer modeling of the existing flood plain showed that

most of the flood flow is conveyed through the overbank areas of
the flood plain. The existing channel is small and is overtopped
by storm events with a frequency of 1 in 2 years. Plate A-1
shows the flooded areas for the 100 and SPF events under existing
conditions with cross section locations.

b. Post Proiject Conditions.
{1} . Flood Protection.

The proposed plan consists of a levee around the town of
Barceloneta to protect against flood waters from Rio Grande de
Manati. The existing conditions model was modified to simulate
the floodway with a 100 year levee in place around Barceloneta.
Analyses showed that water surface elevations in the flood plain
area would rise about one meter above pre-project conditions.

The one meter rise was considered acceptable because of the steep
increase of ground elevation in the area. The levee plan
provides up to and including a 1 in 100 year level of protection
for the town of Barceloneta. Figures A-7 and A-8 shows the water
surface profiles for existing and with project conditions for the
Rio Grande de Manati.

(2). Interior Drainage Features.
The plan also -includes a small drainage collection system along
the protected side of the levee for the town of Barceloneta. The

water surface elevations for the interior system were computed
using HEC-2.

B. Canal Characteristics.

1. Side Slopes.

side slopes of the pilot channel segments and the side

slopes for the interior drainage ditches were based on the soil
conditions in the area. Stable channel side slopes would be
achieved by shaping channel banks at a slope of one vertical to
three horizontal.

2. Cross Section.

The cress section locations and spacing for existing conditions
analyses were selected to best represent the topographic
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corditions of each reach being modeled. Cross sectional
information was taken from topographical mapping of the area with
a contour interval of one meter. A total of sixteen cross
sections were used to define the flow path of the study reach.
These cross sections range from the ocean to just upstream of Hwy
2. For the area within the proposed levee a total of ten cross
sections were used, Plate A~2 shows the location of selected
cross sections for the interior area.

3. Transitions.

Smooth transitions would be provided at all change in
channel geometry.

4. Roughness Coefficients.

The existing condition roughness values were computed and
calibrated using historical flooding data. This was compared to
the density of vegetation in the area as could be determined from
site investigations, pictures, and flow-way limits outlined on
USGS quadrangle maps. The selected values ranges from 0.035 to
0.15 for the overbank areas and 0.035 to 0.055 in the channel.

5. <Channel Freseboard.

The selected plan does not utilize channels to provide

flood control. The pilot channel segments in the flood plain are
designed to reconnect the existing channels and to minimize the
impact of the project on storms which produce the doninant
discharge (bank-full capacity). The interior drainage ditches
would be provided as a collector ditch gystem with minimum
conveyance. No channel freeboard was considered in design of the
pilot channels in the flood plain or the interior drainage
ditches.

C. Levees.,

2 levee would be reguired arcund the town of Barceloneta to
exclude the flows up to and including the 1 in 100 year
frequency from Rio Grande de Manati.

1. Alignment.

The levee alignment was chosen to avoid existing homes and
businesses. The proposed levee alignment provides two large
areas which will be reserved for ponding of interior runoff. The
alignment also provides for limiting encroachment into the
existing floodway.
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2. Bide Blopes.

side slopes of the levee were based on existing soil

conditions, type of material used in construction, and stability
analysis. The side slopes on the flood sille and protected side
of the east side levee would be 1 vertical to 3.0 horizontal and
for the west side levee it would be 1 vertical to 3.5 horizontal.

3. Levee Crest Elevation.

The levee crest elevations were designed by increasing manning‘s
“n* value and using a higher discharge. This design follows

the overtopping criteria in ETL 1110-2-299. An overtopping area
is provided at the farthest point downstream (north) to ensure
that flanking of the levee does not occur during higher than
design frequencies. Plate A-2 shows the plan view of the levee
with the overtopping section located 100 meters along the west
side levee and 400 meters along the east side levee from culverts
No. 1.

D. Bridges.

There will be road ramps over the proposed levee at highways 681,
682, 684 and 140. The road ramp at Hwy 681 will have a culvert
for interior drainage. There will alsoc be a road yamp and a
crossover for a farm located on the east side of Barceloneta.
There will be two culverts for interior draimage at the road ramp
for the farm. The road ramps at all these locations are needed
to maintain existing traffic patterns. A boat ramp and its
access road will be relocated near culverts No. 2. Plate A-2
shows the ramps and crossover locations.

E. Spoil 2Areas.

Designated upland areas will be used for spoil dispesal. The
locations of spoil areas would not interfere with existing or
proposed flow patterns.

F. sediment Potential.

Computer modeling of the existing flood plain showed that most
flood flow is conveyed through the overbank areas of the flood
plain. The existing channel is swall and is overtopped by storm
events with a 50% chance of exceedance (1 in 2-years frequency).
The fast nature of storm hydrographs and the slope of the basin
combine to produce peak stages within 18 hours of commencement
of runoff. Base flow is small. The existing natural dominant
discharge channel is very small relative to the total conveyance
required at design storm rates. Tropical vegetation and farm
vegetation covers the entire floodplain and reduces sediment
potential.
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A comparison of pre~ and post project flow conditions for the
design storm showed that project levees would result in an
increase in average velocities in the floodway from 1.1 meters
per second (mps) to 1.2 mps. This would occur only in the
immediate area of the floodway protected by the project levees at
Barceloneta. Soils in the flood plair are a mixture of course
sand, silt and clay with tropical vegetation as ground cover.
This wondition should result in minimal movement of sediments for

-velocities beyond 1.8 mps for the short flow durations.

Sieve analyses of samples taken at United States Geological
Survey suspended sediment sampling station 50038110 showed sample
particle sizes less than 0.062 mm ranged from 75 to 100 percent
of the sample for the highest rates of flow recorded. This is
due to the majority of flood flows passes over the fiood plain
instead of the existing natural channel. Under flood stage
conditions sand and gravel size particles are deposited before
they reach the project area.

The bulk of the sediment load is silt and clay particle sizes
which would have little chance of forming large deposits which
wonld significantly alter roughness or flow characteristics in
the flood plain. Sand and gravel size particles would settle out
at the upper reaches of the flood plain.

Sediment transport in the floodway is not expected to increase or
decrease due to this project. The project leves would not
significantly alter the current sedimentation regime within the
basin.

HYDRAULIC DESIGNS.

A. Channels.
i. ¥lood Plain of Rio Grande de Manati.

The existing Ric Manati channel does not provide in-bank
conveyance for discharges greater than the 1 in 2 year flow.
Less frequency flood flows exceed the banks and are conveyed
overland to the coast as sheet flow. The project levee alignment
would fill in two short reaches of the small existing Rio Grande
de Manati channel. Conveyance of low flows in Rio Grande de
Manati would be maintained by constructing new channel sections
around those reaches filled in by the levee. The size of the
channels sections, called pilot channels, were determined by
averaging the conveyance of the existing channel sections to be
filled in. Backwater profiles were complied to insure that
adverse hydraulic conditions, such as excessive erosion, would
not occur. The left descending bank of the upstream pilot
channel will have rip-rap protection. Plate A-2 shows the
location of the upstream and downstream pilot channel
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segments. Table A-11 shows the hydraulic design data for the
pilot channels.

2. Interior Drainage System.

All interior drainage ditches and channelg were designed to
provide collection and conveyance of flow to the outlet culverts
which would discharge to the flood plain. The interior drainage
system will consist of small collector channels (ditches) to
direct flows to the outlet culvert structures in the levee.

Those channels would have minimal flood control value and are to
provide continuous positive drainage to the outlet culverts. The
channels will have a "V" shape with side slopes shaped to 1
vertical to 3 horizontal. Plate A-2 shows the alignment of the
channels and Table A~12 shows the hydraulic design data.

B. Culvert Structures.

Two culvert structures, designated €-1 and C~2, will be used to
as the drainage outlet for the town of Barceloneta. The interior
culverts, designated C-1A and C-2B, will be used to convey flow
under the new road ramps. Plate A-2 shows the location of the
culverts and Table A~13 shows the hydraulic design data.

Culverts C-1i and C-2 will discharge interior drainage flows to
the flood plain area. The culverts will be furnished with flap
gates to prevent reverse flow when stages in the flood plain
exceed interior water surface levels within the collector
ditches. cCulverts were design to pass design discharges with one
foot of head loss. Those discharges would .be passed with
tailwater conditions corresponding to the stages in the flood
plain expected from a 1= in l1l0-year storm event. Rip-rap will be
placed around the culverts and the apron lengths were designed to
reduce culvert barrel velocities to non erosive values.

C. Levees,
1. Levee Height Design.

The existing condition DWOPER model was modified to represent the
with-project conditions. Table A-6 lists Rio Grande de Manati
water levels computed with- and with-out the proposed project
modifications. Figure A~8 compares the wvater surface profiles
with- and with~out the project levee for 50%, 10%, and 1% chance
flood events.

2. Overteopping Analysis.
Overtopping analyses were performed on the Rio Grande de
Manati levee according to ETL 1110~2-299 dated 22 August

1986. The overtopping water surface profiles were computed
by considering the uncertainties in "n" values and the
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availability of the downstream storage areas in the future.
The "n® values of both channels and overbanks were increased
by 20 percent. The storage areas of the downstrean
tributary, Cano Tiburones, were removed from the overtopping
analysis since the availability of the storage areas in the
future is uncertain. -

Stage~discharge rating curves were plotted at several cross
.sections for the design "n® values and increased "n" values
to design the levee heights. An overtopping section was
provided at the north end of the levee. The levee height at
the overtopping section was set to coincide with the
computed overtopping water surface profile. This levee
height is also egquivalent to passing a higher overtopping
discharge with normal "n" values. Minimum levee heights at
other cross sections wers determined by considering
overtopping discharges with normal *n® values and normal
design discharges with higher ¥n* values. A levee
superiority of 0.15 meters was used for the entire levee
except at the overtopping section. Table A~7 summarizes the
results of the overtopping analysis. Computed levee heights
ranged from 1.08 meters to 1.37 meters, as listed in Table
A-7, above the normal one percent chance flond levels to
cover the uncertainties in the design parameters.

3. Overtopping Sectiom.

An overtopping area is provided at the farthest point
downstream (north) to ensure that flanking of the levee does not
occur during a storm event higher than the design frequency.
Plate A-2 shows the plan view of the levee and Table A-14 shows
the hydraulic design data.

D. Intsrior Filood Hydrology.

The project levee protects the town of Barceloneta from the
Rio Grande de Manati floods. Outlet culverts, detention
areas and collector channels along the levee are reguired
for interior drainage. Minimum facilities were chosen based
on the designs for various frequency floods.

Peak discharges and flood velumes required for the interior
flood hydrology under future conditions development were
determined by using HEC-1 computer program. The
contributing drainage areas, bounded by the project levee,
were delineated in a USGS quadrangle map. The watershed was
divided into several subareas as shown in Figure A-9. The
rainfall data for the basin was obtained from TP-42 as
listed in Table A~8. Dry scil conditions (AMC I} were used
for fregquencies up to 10 percent chance flood. Average
moisture conditions (AMC II) were considered for frequencies
up to a 2 percent chance flood and wet conditions (AMC III)
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for larger floods. Estimated subarea parameters such as SCS
curve numbers and lag times are listed in Table 2-9.
Computed peak discharges for various frequencies at several
locations are listed in the residual flooding table.

Computed flood hydrographs were routed thfough detention
areas and flap-gated outlet culverts by EXTRAN, a dynamic
flow routing model. EXTRAN is a part of the Environmental
Protection Agency’s Storm Water Management Model. This
model can simulate branched or looped networks and can
compute backwater effects caused by varying tailwater
conditions. Channels, pipes, orifices, weirs, flap gates,
detention basins, and pumps can be used in EXTRAN. The
Interior Flood Hydrology program (HEC-IFH), released for
general use in May 1992, was not available for the analysis.
Coincident tailwater flooding conditions were used to
analyze 50%, 20%, and 10% chance interior flood events. A
10 percent chance tailwater stage hydrograph was assumed to
analyze the other large interior flood hydrographs. The
estimated peak flood levels in the detention areas,
unexcavated low lands upstream of the interior drainage
culverts and with the proposed developments in place, are
listed in Table A-10.

Flood durations were computed for various frequencies for pre-
and post-project conditions and listed in Table A-16.

1. Performance.

a. Overtopping Analyses.

The levee will exclude flows up to and including the 100

year frequency. Overtopping would be initiated in the planned
overtopping section near C-1 for floods exceeding the 100-year
event.

b. Residual Flooding.

A levee, designed to protect a one percent chance flood event
from Rio Grande de Manati, was determined to be the most
beneficial alternative. The levee provides protection to the
town from Rio Grande de Manati flooding from the east, north and
west directions. R

Residual flooding was computed using flows higher than the
capacity of the system and the interior flood analysis was
revised to account for the proposed developments. The sub-basin
parameters reflect the future condition hydrology. Table A-10
was revised to indicate peak water surface elevations with the
proposed developments in place. Figures 10 and 11 indicate a
comparison of the water surface profiles, with and without the
proposed developments, for the 2-year and SPF events. The
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analysis indicated that for the 2-year event there was very
little change in the water surface profile and the average
channel velocity. For the SPF event the area between the levee
and proposed developments would indicate a rise in the water
surface elevation of about two feet and the average channel
velocity would be about 1.2 meters per.second. At Culvert 1 the
total ponding areas for the 2-year and SPF events were 107 and
179 acres, respectively. Plate A-2 was also revised to indicate
the developed areas and the limits of the residual ponding area.
The flooded area assumes no flooding from Rio Grande de Manati.
Once the levee is overtopped from the flood plain the flooding
will be the same as for existing conditions. This has an average
depth of about 0.8 meters. Flood stages within the levee near
Barceloneta for the 1 in 100 year event will be reduced from a
pre-project elevation of 5.1 meters, NGVD to 2.7 meters, NGVD
under post-project conditions.

¢c. People at Risk.

The most heavily developed areas of Barceloneta are located at
the south end of town. This area is closest to the high ground
to which the levee would terminate. Levee failure would first
occur at the overtopping section which is located at the north
and least developed end of town. Highway 140 is the most direct
route to high ground and would serve as the main evacuation
route. The topography of the area within the levee would force
level pool flooding from the overtopping section toward the
south. Flooding depths along the evacuation route would be a
maximum of one meter at the peak stage. Velocities within the
levee from overtopping would be associated with "filling" and are
expected to be low.
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TABIE BA-1

ANNUAL. PEAR DISCHARGES

FOR RIO GRANDE DE MANATI

GAGE 50035000 AT CIALES

GAGE 50038100 AT HWY-2

PEAK PEAK
. WATER DATE DISCHARGE DATE DISCHARGE

YEAR . s s
1899 * AUGUST & 5,8%0

1928 * SEPTEMBER 13 4,649

1932 < SEPTEMBER 27 3,766

195% HAY 3 2,152
1960 SEPTENHEER 6 3,172 SEPTEMHER 6 1,756
1961 DECEMBER 4 623 AUGUST 27 1,501
1962 MAY 20 413 MAY 20 47
1963 HAY 17 719 MAY 17 320
1964 ROVEMBER 2 182

1965 MAY 5 368 OCTOBRER 15 142
1966 DECEMEER 9 1,192| DECEMBER 11 2,005
1967 DECEMEER € 223

1968 SEPTEMBER 1% 212 OCTOBER 24 170
1969 APRIL 21 702 NOVEMEER 28 481
1970 WOVEMEER 9 1,800 NOVEMBER § 1,528
1371 OCTOEER 9 3,540 CCTORER 9 2,315
1972 MARCH 30 564 MARCE 30 187
1973 APRIL 20 289 APRIL 21 201
1974 MARCH 9 225 OCTOBER 16 48
1975 SEPTEMBER 16 2,042 SEYTEMEER )6 607
1976 SEPTEMBER. 30 148 APRIL 30 155
1977 OCMICBER 14 320 OCTOBER 15 197
1978 APRIL 10 572 APRIL 10 328
1979 AUGUST 30 1,025 AUGUST 31 977
1980 WOVEMEER 25 793 MAY 28 343
1981 MAY 5 328 MAY 6 314
1982 DECEMBER 13 745] DECEMBER 13 879
1983 APRIL 21 824 APRIL 21 as55
1984 SEPTEMBER 11 535 SEPTEMEER 11 242
1985 MAY 18 2,104 MAY 18 2,549
1986 OCTORER 7 2,132)f OCTOBER 7 2,754
1987 A¥PRIL 12 714 APRIL 12 934
1988 NOVEMBER 27 1,031 WOVEMBER 27 1,218
198% SEPTEMBER 18 750 SEPTEMBER 18 1,252
1990 OCTOBER 23 408 OCTORER 23 872
19393 : 388 435
1992 : 1,079 385

»

Estimated at Ciales gage by USCOE
-Floodpain Information, Hanatee River, PR, 1967, p. A-12.
Assumed same peak flow at HWY-2 gage.
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TABLE A-2

RIO MANATI BASIN POINT RAINFALL*
FOR VARYOUS FREQUERCIES ARD DURATIONS
PERCERT CHANCE STORM EVENTS

DIRATTION 50¢ 20 10 4 2 1 5PS

15 XIN 35 LY 55 65 73 81 81

1 BR- 61 92 9% 114 128 143 143

2 HR 16 105 124 149 169 190 230

3 R 84 116 138 187 191 214 298

6 HR 99 140 169 207 239 27 419

12 ER 122 12 206 252 83 a7 521

24 HR 137 156 238 254 338 385 635

*Rainfall in millimeters
TAHLE A-3
RIO MANATY SUB~BASTN PARRMETERS

BASTN DRAINAGE AREA CURVE NUMBER' LAG TIME

NG, {SQ. KM.} AMC T AMC II | AMC TIT {BOURS}
1 58.78 63 80 91 1.63
2 70.59 63 8o 91 .98
3 50.85 63 B0 k28 9.72
4 75.26 63 80 91 1.41
5 90.14 [3) 8o 91 1.28
€ 49.54 63 ] $1 0.74
7 4.28 63 &o 531 .20
8 3.94 63 80 91 0.24
9 18.63 63 80 91 1.81
ic 24.11 63 80 21 2.22

TOTAL
AREA =445.58
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TAEBLE A-4

SUMMARY OF EEC-1 PEAK DISCEARGES*
FOR RIO GRANDE DE MANATI
PERCENT CHANCE RIO MAWATL RIO MANATI
FIOOD EVENT GAGE 50035000 GAGE 50038100
(AT CIALES) (AT HWY 2)
50 594 722
20 1535 1893
10 2355 2771
4 4353 5366
2 5064 . 6288
i 5244 7816
SFF 7795 98771
*DISCHARGE VALDES IN CHS

TABLE A—-5

RIO MANAT! EXISTING CONDITION WATER SURFACE ELEVATIONS

. DISTANCE WATER SURFACE ELEVATION (METERS, NGVD}
CROSS FAOM
SECTION | MOUTH PERCENT CHANCE FLOOD EVENTS
NO. {KM) 50 20 10 4 2 1 SPE
0.1 0.60 1.30 2.06 248 3.62 3.96 4.48 5.40
1 0.87 1.48 215 2.55 367 4.01 4.53 5.47
4 1.58 1.82 244 281 389 4.23 4.78 576
& 2.04 235 3.02 3.35 426 457 5.11 6.10
8 239 2.97 362 3.98 484 5.09 5.62 6.41
10 277 3.33 4.18 4.55 536 5.60 5.99 6.74
12 3.15 3.51 452 4.95 5.84 6.08 6.47 7.14
14 3.59 370 4.89 5.36 €.31 8.57 6.98 7.62
1€ 4.01 455 576 6.18 714 7.40 7.80 8.41
18 4.42 534 6.57 7.01 7.92 8.38 8.83 9.69
20 4.84 6.17 7.29 7.78 894 9.25 9.75) 1046
2 5.20 6.69 7.82 8.31 9.47 979| 10.28| 11.01
24 5.55 7.08 8.28 8.78 993] 1025 10.74] 11.45
26 5.95 7.49 8.83 8.35] 10.50] 10.82] 1131 1200
28 8.31 832! 1002| 1045] 1141] 11.70] 1215} 1276
29 6.35 8.66] 10.23] 10.68] 1159] 11.87] 1230 1290
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TABLEA-8

RIO MANATI WATER SURFAGE ELEVATIONS
EXISTING AND WITH~PROJECT CONDITIONS

CROSS DISTANCE CONDITION | WATER SURFACE ELEVATIONS (METERS, NGVD)

SECT. FROM
NO. MOUTH PERCENT CHANCE FLOOD EVENTS
KM 50 20 10 4 2

0.60 Bxisting 206 362 3.96

1] SPF
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TABIR A-8

RAINFALL FOR INTERIOR FLOOD HYDROLOGY*

PERCENT CHANCE STORM EVENTS
DORATION 50 20 10 4 2 1 SPS
5 MIN 15 19 23 26 29 32 s
15 MIN 28 37 41 s1 57 64 €8
18R 48 62 76 2 103 114 121
2 BR 62 81 97 116 128 140 184
3 MR 67 ¢ 109 130 146 162 267
6 HR 80 134 140 170 196 218 381
12 HR 98 142 173 213 241 272 445
24 88 117 170 206 254 287 328 se8

*Rainfall in millimeters
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TABLE A-9

SUB-BASTN PARAMETERS FOR INTERIOR FLOOD HYDROLOGY

BASIN DRAINAGE AREA |LAG TIME CURVE NUMBER
IDENTIFICATION| {S0. Kd.} (BOURS) [AMC I AMC IT aMC IIIX
El 0.33 0.66 73 87 95
B2 0.21 0.23
B3 ' 0.11 0.10
cl 0.32 0.79
c2 0.35 0.50
W1 0.53 0.53
w2 0.27 0.41
W3 0.27 0.68
W 0.32 6.70
W5 9.14 0.10 - * 91
‘TOTAL 2.85
Bote : * Wet area-AMC IIT condition used for all fi
TABLE A—10
PERFORMANCE OF THE INTERIOR DETENTION AREAS
PERCENT CHANCE PEAK WATER SURFACE ELEVATIONS
FLOOD EVENTS METERS, NGVD
NORTH AREA EAST AREA
UPSTREAM OF UPSTREAM OF
CULVERT 1 CULVERT 2
50 -1.88 1.56
20 210 2.06
10 222 237
4 2.46 3.05
2 2.54 3.22
1 2.66 3.44
SPF 3.09 3.89
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TABLE A-12
HYDRAULIC DESIGN DATA FOR INTERIOR CHANNELS
RIO GRANDE DE MANATI

CITY OF BARCELONETA

CHANNEL - EXISTING CHANNEL BOTTOM CHANNEL
STATION ° COMMENTS GR. ELEV. INVERT WIDTH S8.8.
M-NGVD M-NGVD
ICHANNEL 1
o + 00 CULVERT 1 1 -0.50 V-TYPE 1V on 3H
2 + 00 | CHANNEL SLOPE 1.5 -0.30 V-TYPE 1V on 3H
4 + 00 $=0.1% 1.7 ~0.10 V-TYPE 1V on 3H
5 + 50 CULVERT 1A 1.8 0.05 V-TYPE 1V on 3H
6 + 00 1.8 0.10 V-TYPE 1V on 3H
8 + 00 2 0.30 V-~TYPE 1V on 3H
10 + 00 2.5 0.50 V-TYPE 1V on 3H
12 + 00 2 0.70 V-TYPE 1V on 3H
14 + 00 2.4 0.90 V-TYPE 1V on 3H
16 + 00 2.3 1.10 V-TYPE 1V on 3H
8 + 00 2.1 1.30 V-TYPE 1V on 3H
19 + 80 | END OF CHANNEL 2.1 1.48 V-TYPE 1V on 3H
CHANNEL 2
o + 00 CULVERT 1 1 0.00 V-TYPE 1V on 3H
2 + 00 | CHANNEL SLOPE 1 0.20 V=TYPE iV on 3H
4 + 00 5=0.1% 1.3 0.40 V-~TYPE 1V on 3H
6 + 00 1.4 0.60 V-TYPE 1V on 3H
8 + 00 1.9 0.80 V~TYPE 1V on 3H
9 + 00 1.9 0.90 V~TYPE 1V on 3H
10 + 00 2.2 1.00 V~-TYPE 1V on 3H
CHANNEL 3
o 00 CULVERT 2 1.5 1.00 V-TYPE 1V on 3H
0 + 50 | CHANNEL SLOPE 1.9 1.05 V-TYPE iV on 3H
1 00 5=0.1% 1.9 1.10 V-TYPE 1V on 3H
CHANNEL 4
0 + 00 CULVERT 2 1.5 0.50 V-TYPE iV on 3H
2 + 00 | CHANNEL SLOPE 2.2 0.90 V-TYPE iV on 3H
4 + 00 §=0.2% 2 1.30 V-TYPE 1V on 3H
6 + 00 3 1.70 V-TYPE 1V on 3H
8 + 00 3 2.10 V-TYPE iV on 3H
10 + 00 4 2.50 V-TYPE 1V on 3H
12 + 00 4 2.90 V~TYPE 1V on 3H
12 + 50 CULVERT 2B 4 3.00 V-TYPE 1V on 3H
14 + 00 5 3.30 V-TYPE 1V on 3H
16 + 00 5 3.70 V-TYPE 1V on 3H
18 + 00 5 4.10 V-TYPE 1V on 3H
19 + S5C | END OF CHANNEL 5 4.40 V~TYPE 1V on 3H
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TABLE A-13

HYDRAULIC DESIGN DATA FOR CULVERTS
RIO GRANDE DE MANATI
CITY OF BARCELONETA

All elevations are in meters, NGVD.

CULVERT DESINNATION c-1 C-1A C-2 C-2B
. CHANNEL STATION 0400 5+50 0+00 12+50
Natural Grade Elevation 1.5 1.9 1.5 4.0
Levee Crown Elevation 6.5 -— 7.8 —
Design Conditions
Discharge 8.0 1.4 3.0 7.6
Headwater 1.8 1.9 2.5 4.0
Tailwater 1.7 1.7 2.4 3.8
Culvert Diameter Size 1.8 1.2 1.5 1.8
Number of Culverts 4.0 1.0 +2.0 2.0
Length 60 50 . 60 50
Invert -1.0 0.2 -0.5 1.2
Type Control Flapgate None |Flapgate None
Channel Sections
Upstream Bottom Width 9.00 7.00
Upstream Bottom Ele. -1.30 -1.00
Upstream Side Slope 3.0 3.0
Downstream Bottom Width 9.00 7.00
Downstream Bottom Ele. -1.30 -1.00
Downstream Side Slope 3.00 3.00
Riprap Requirements
Upstream Length 3.00 3.00
Upstream Elevation 1.00 1.00
Downstream Length 6.00 6.00
Downstream Elevation 2.00 2.00
Note: All measurements are in meters.

Approach channels for culverts should be 30 meters long
and then transition to natural grade at 1 on 10 slope.
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TABLE A-14
HYDRAULIC DESIGN DATA FOR LEVEES
RIO GRANDE DE MANATI
CITY OF BARCELONETA

EXISTING TOP TOP WIDTH LEVEE
STATION COMMENTS GR. ELEV. | OF LEVEE| OF LEVEE sS.s.
M-NGVD M-NGVD METERS
WEST SIDE LEVEE
0 4+ 00 CULVERT 1 1 6.48 4 1V on 3.5H
1 + OO[OVERTOPPING SEC 1.5 6.48 4 1V on 3.5H
1 + 10 1.5 6.63 4 1V on 3.5H
2 + 00 1.5 6.63 4 1V on 3.SH
4 + 00 1.7 6.63 4 1V on 3.S5H
6 + 00 1.8 6.63 4 1V on 3.5H
8 + 00 1.8 6.63 4 1V on 3.5H
10 + 00 2 6.63 4 iV on 3.5H
12 + 00 2.5 €6€.63 4 1V on 3.5H
14 + 00 2 6.63 4 1V on 3.5H
16 + 00 2.4 6.63 4 1V on 3.5H
18 + 00 2.3 6.63 4 1V on 3.S5H
20 + 00} END OF LEVEE 2.1 6.63 4 1V on 3.S5H
EAST SIDE LEVEE
o + 00 CULVERT 1 1 6.48 4 1V on 3H
2 + O00!OVERTOPPING SEC 1 6.48 4 1V on 3H
4 + OO|OVERTOPPING SEC 1.3 6.48 4 1V on 3H
4 + 10 1.4 7.19 4 1V on 3H
6 + 00 1.9 7.40 4 1V on 3H
8 + 00 1.9 7.60 4 1V on 3H
10 + 00 1.9 7.79 4 iV on 3H
12 + 00 CULVERT 2 1.9 7.95 4 iV on 3H
14 + 00 1.9 8.13 4 1V on 3H
16 + 00 1.9 8.30 4 iV on 3H
18 + 00 1.9 8.45 4 1V on 3H
20 + 00 1.9 8.60 4 1V on 3H
22 + 00 1.9 8.70 4 iV on 3H
24 + 00 1.9 8.81 4 1V on 3H
26 + 00 1.9 8.95 4 1V on 3H
28 + 00 1.9 9.10 4 1V on 3H
30 + 00| END OF LEVEE 2.2 9.23 4 1V. on 3H
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eveloped areas.

Note: Water surface at cross section 0,00 are e
Water surface elevations were computeé wi@h geak sieyations in the detention area.
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SBCTION 205~
DETAILED PROJECT REPORT

RIQ GRANDE DEMANATIL

AT BARCELONETA, PUERTO RICO
_DETAILED STUDY AREA.
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SECTION 208
DETAILED PROJECT REPORT
RIO GRANDE DE MANATI v—/'
AT BARCELONETA, PUERTO RICO .

INTERIOR DRAINAGE AREA MAP
SCALE 1:20,000

FIGURE A-9
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A. Scope. This appendix presents geotechnical explorations,
laboratory tests, and design analyses performed to determine the
geotechnical conditions for Rio Grande de Manati, Barceloneta,
Puerto Rico. The project area is broken into two sections for
analyses (see plate B-1). The west section includes the levee
alignment and interior drainage from the southwest corner of the
project to the north culvert. The east section runs from the
north culvert southeast to the southeast corner of the project.

B. Investigations Performed.

1. Core Borings. Twenty (20) core borings (CB-MB-1 through
CB-MB-20) were drilled in May 1990 along a general alignment for
the proposed flood control improvements. Eleven (11) additional
core borings (CB-MB-21 through CB-MB-31) were drilled in April
1993. The unconsolidated materials were sampled to a depth of
25.5 feet (7.77 meters) by standard penetration tests (1 3/8-inch
I.D. X 2-inch 0.D. standard split spoon driven with 140-pound
hammer falling 30-inches). Plates B-1 and B-2 show the boring
locations, and plates B-3 through B-62 show the core boring logs.

2. Test Pits. Two (2) test pits (TP-MB~1 and TP-MB-2} were
excavated in April 1993. Plate B-2 shows the test pit locations.

3. Laboratory Testing. Sieve analyses, Atterberg Limits,
standard proctor compaction tests, consolidation tests,
unconfined compression tests, and triaxial compression tests were
performed on selected samples. Laboratory test data and
gradation curves are shown on plates B-64 through B-102.

C. Materials Encountered.

1. Levee Foundation. The materials encountered in the
borings generally consisted of silty gravel, silty sand, clayey
sand, poorly graded sand, high and low plasticity silt, lean
clay, fat clay, organic silt and clay, and peat. Borings CB~MB-
12, CB-MB-13, and CB-MB-14 show large deposits of high plasticity
clay near the location of the levee and the road ramp of Highway
681. Borings CB-MB-13 and CB-MB-14 show a layer of peat and
organic silt ranging from 1 to 6 feet at a depth of 19.0 feet.
Plates B-103 through B-105 show the geologic profiles.

2. Boryrow Area. The San Juan planning group has selected
two borrow sites. Both sites are west of the project area and
Borrow Site #1 is currently being used to provide material for
nearby highway projects. In May 1991 surface samples were
collected at both borrow areas and gradation curves were provided
to Geotechnical Branch. Additional samples were obtained during
explorations in April 1993. Based on laboratory tests, the
material consists primarily of gravelly sand with some silt and
is suitable for levee construction.

201



Based on available subsurface data, it was estimated 50
percent of the material excavated from the pilot channels, north
interior drainage ditch, and 70 to 100 percent of the material
excavated from the east interior drainage ditch could be used for
levee material. It was estimated no material could be used from
the west interior drainage ditch excavation.™

Processing of excavated material may be required to provide
suitable levee material and would consist of removal of stones
larger than six 1nches, clearing and grubbing to remove
vegetation and organic top soil, etc., and for wet clays, disking
and drying. Levee embankment materlals should be thoroughly
mixed, then placed in approximately horizontal layers of 1 foot
in thlckness for gravels and sands and 8 inches when fine grained
materials (silts, clays, clayey sands, etc.) are being placed.
All levee £fill material should be compacted to not less than 95
percent standard proctor density.

3. Groundwater. The groundwater level data shown on the
core borings in this Appendlx has been evaluated and is not
considered representative in the area where impervious materials
have been encountered. Due to the impervious clay encountered in
many core borings, the standard 24 hour time period specified for
recovering the water level in core borings is insufficient to
allow the water in the borings to stabilize. Prior to plans and
specifications, additional core borings will be drilled and water
levels will be monitored for sufficient time to allow the water
level to reach equilibrium. When this additional information is
obtained, the dewatering requirements will be determined.
Dewaterlng, if needed, will probably consist of pumping from
sumps.

D. Slope Stability. Slope stability analyses were performed for
levee-foundation sections at borings CB-MB-13, CB-MB-14, and
CB-MB-28, for the west section, at CB-MB-4 for the north and east
section, and at CB-MB-1 for the section next to the pilot
channel. Computer analyses were performed using shear strengths
based on soil consistency and standard penetration with the
UTEXAS-3 computer program using the Spencer's Method option. Due
to a short duration of flooding conditions, steady seepage and
slope saturation with rapid drawdown cases were unlikely to occur
and therefore were not analyzed. Slopes were analyzed for end of
construction and long term stability using both circular and
wedge failures. Earthquake loadings were analyzed, but were not
allowed to control the design of the channel or levees since the
failure of the levee or channel slope during an earthquake would
not result in a catastrophic failure, loss of life, or -
significant loss of property. Also, since the probability of
having an earthquake during a time of high water is minimal (EM
1110-2-1913), earthguake loading is not a critical loading
condition.
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The west levee was assumed to be built out of borrow material
or gravelly sand with some silt (GM). The soil profile indicates
some of the excavated material from the east pilot channel and
the interior drainage ditch may be used for levee fill. The
remainder must come from borrow areas. The east levee was
analyzed with clayey sand (SC) as fill material. The west
section slopes between the north culvert and the Highway 681 ramp
were found stable at 1 vertical to 3.5 horizontal. The remaining
west section slopes were found stable at 1 vertical to 3
horizontal. The east section slopes were found stable at 1
vertical to 3 horizontal. All other slopes including the
drainage ditches and diversion channels were found stable at 1
vertical to 3 horizontal. Analyses for the south pilot channel
were based on a minimum 20 foot exterior berm and a minimum 210
foot interior berm. The east and north sections were analyzed
with a minimum 15 foot interior berm. The west section was
analyzed with a minimum 20 foot berm. Levee slope stability
analyses are shown on plates B-106 through B-109.

E. Slope Protection. Riprap and bedding stone will be required
in order to protect the canal bottoms and slopes in the immediate
vicinity of the structures. Riprap protection will also be
required on the north slope of the south pilot channel and the
levee slope paralleling the pilot channel. All other levee and
channel slopes and channel bottoms require grass protection.

Riprap. Riprap design is based on EM 1110-2-1601. A
design velocity of S feet per second was used in the riprap
design. The riprap stone should have a minimum unit weight of
160 pcf (saturated surface dry). The thickness of the riprap
blanket will be a minimum of 18 inches. The riprap stone should
be well graded within the following limits:

Limits of Stone Weight (pounds)

Max Min % Lighter by Weight
280 110 100
80 55 50
42 18 15
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2. Bedding stone. The bedding stone should have a minimum unit
weight of 140 pcf (saturated surface dry). The thickness of the
bedding stone should be a minimum of 9 inches. The bedding stone
should be well graded within the following limits:

Stone Size (inches) :

or Sieve Number % Finer by Weight
1.5 in . 100
0.5 in 55 - 85
#4 35 - 55
£10 15 - 35
#40 0-5

F. Levee Settlement. Initial calculations for settlement show
that the levees located on the high plasticity clay will settle.
Settlement was calculated using values for the coefficient of
consolidation (Cc) and void ratio based on consolidation test
results. Overbuilding of the west section by 1.5 feet and the
north and east section by 1.0 foot is regquired to compensate for
the average anticipated settlement. Installation of settlement
gages will be reguired to e the settl t and to provide
basis for payment of placement of additional material due to
settlement.

G. Foundation Conditions. Based on available subsurface data,
no foundation problems are anticipated for the east culvert,
north culvert, and five road ramps. Settlements of 3 inches for
the east culvert and 8 inches for the north culvert were
calculated. Settlement of ramps will be equal to or less than
that of the levee settlement for that particular section.

H. Future Subsurface Investigations. Prior to the completion of
plans and specifications, additional borings will be obtained to
define the subsurface conditions more completely aleng the levee
alignment, pilot channels, road ramps, culverts, and borrow
areas. Sufficient field and laboratory tests will be performed
to adequately predict the behavior of the materials encountered
when subjected to conditions imposed by the proposed
improvements. This includes the shear strength parameters for
slope stability, dewatering requirements, and consolidation
parameters for settlement calculations. The estimated costs for
drilling and testing is $45,000.
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':’ CLAY, medium, brown and 28 3 3
=~ gray, silty, little 1~
pu sand, ocec. roots (CL) S
- 33 | 4 =
1.70 le.0H / 2 F
— clay, very soft, 1
v = slightly organic, siltyd 56 5 1 g
E = dark gray, little sand T:
3 / . s6 | 6 £
-1.30 [9.07] =
’ ] / very soft, trace sheil |, .0 | o : :gz%—;
- fragments, partly sandy plidt il
= pUSH |~
s c- PUSH |~
e 100 8 I'_
—4.30 {126 / Py
/7 _{SAND, very fine grained PUSH |-
-3 clayey, dark gray, some|l00 9 PUEI"-
= silt, occ. brown mottled -y
-5.80 }13.5 (s¢) 2
= sand, fine to medium s |10 2
- grained, gray, some silt X . S
-7.30 J15.8} trace clay i
3 sand, fine to medium 8o |11 12
b grained, gray, little A of
— silt, trace gravel., fin¢ S |—
pus o grained, sub-angular 3 =
4 89 |12 it
* 2F
3 100 |13 ..i_:_
= TE
3 1=
-12.80{ 2075} 89 }14 o
cis.30la.e0 /L -
=
HETORM 1836 racvious eormions ame swsorere. R10'SENATI AT. BARCELONETA | CB-tl5-4

Prate 8-
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DRILING LOG {Cont Shaatf"™*= ™7 = =< 7.70' faat Hole No. CB-tB- 4
| roomeY
B0 MANATE AT [ itsconviire prstazcr - e 2 ol
. CASTPCATION OF MatItMLs. % coucliot o4l Feaancs
agvanon ¢ otrr | uce  Seopovont ﬂf:v n:‘:( m-v-.--. e b 4,»(
) 13 (3 4 k3 { '3
-13.30 j21.08 i s
:/’ 1 ﬁ yecy “soft, gi.:tl 2
-t S €. y ctqanxc i e e 3 - —n
160§ 1% 1S of
-14.80 [22.53 / aod e R Ceran 1F
) 1+« | 1SAND, fxne g:aaned. siley - & P
X - i.]itrace fibrous matter., 100 16 T:
-16.30 124 0%, .igray, shelly {SM) —a—-:..
-4.1° | |sand, fine to coarse, 2 F
e xu:cli s;lt, gray tsace 100 | 1v [y =
- ine graine: . =
17.80125.5. M subzsngula‘t‘, gheu ’ 11 b
- END 25.5 feet -
] INOTES @ =
e A. Seil classifications @b are hisual —
bt classifications using the Lnifipd Soil a4
i~ Classifications System. -
“1 B. After the visual cladsification was performed, -
4 Atterberg Liamits and . < were -
3 obtained from the samples and the -
o results and final USJS classifilations are »
-1 shown below. Laboratpry classification takes -
e precedence over visual classifitation. ey
] cB~MB-4 4 TL=48% -
- PL=24% -
A . PI=24%  (CL) .
3 CB-MB-4 7| LL=58% -
g PL=32% -
e PI=24% {CH} e
NG FORM (ER 1If03-1000 -0 1060 n et ser st S 0.
er 1836-A e " RIO MANATI AT BARCELONCIA! CB~MB- 4

214
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Hole Ho. CB-B- 5

W
DRULLIG LOC | soutw aTiartic IacksouvILLE D e 2 steve
* 210 11 AT £TA 9. MZE AND YYPE OF BIT
= MsL -
”x- 464,569 Y= 227,025 T L SRR
BT L)
L e s " e S Whnen | T T !
[ NAME OF DRILLER - 14. TOTAL WUNSEA CONE BORES
H. Gonzhdlez Ie. ELEVATION SAOUND WATER  _0 .03 Feec
@. oF noLL jcousLavgo
= a ste rmeuvanr [C00TE % |6 99D i 5-9-80
7. TmcanEss oF ovensuanew ]2 tLkvaTIch Yor 0F uoLe 11.03 feet
1. TOTAL CONL RECTVERY FOR BomnG 9] . 88 A3
5. OLPTH OMLLED MTO ROCK —
o vora st e vt 753 Fest  Kermit schaide, PE
eLevanion| otrvs fuese CLAMIPICATION OF MATERIALS :
a » - 4
11.01 |0.07 bls/e”
= TOP SOIL. clay, stiff, 1 T Vil 3+
= brown, some silt, littleg 83| 1 [droe on 1-3/8" 10 x 51
] sand, occ. pebbles and 2" 00 std. spl. spoon—f-
3 thin zoots () -;__
3 very stiff 100 | 2 _L:
s0lzod / =
:/ CLAY, very stiff, brown | 200 | 3 . 2
- and dark brown, littlie 12 —
:/ sand and silt, occ. 14
s | pebble: CR -
— pebbles tem) 89 | 4 8 =
h e
= s E
= ; 1wo | s :—:-:"'
3.51]7.59 1
3 CLAY, stiff, silcty ; <=
= yellowish brown, some [ 100} 6 e s
2.0119.02 sand, occ. pebbles, very s
p= dark brown mottled (CL) 7 -
_E soft to medium 100 | 7 I_:_
o.sihogl ' 2=
-] CLAY, medium, yellowish T 25
_/ brown, little sand and | 100 | 8 2 —
\v4 ] silt, occ. pebbles, very ~E
— 3 dark brown mottled {(CH -
= | 3 / : w00 ] 9 2
- 2 |—
p= 2
3 100 |10 . 2F
- 3
3 / 100 {11 i;
p 3
- 100 }-12 S E
3 El
- £ ™
A 100 | 13 I
-8.9920. & olive gray 2
FIEEEE AR iE
3 2:1
-3.99 |21.d] gray Y 2%y 1 |
5 -

EMG FORM 1536 oacwious €oimious ane owsorere.

y4H

raosECT

RIO NMANAT! AT BARCELONETA

Plate -1
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DRILUNG LOG (Cant Sheet)f ™= = & =

11.03

fect

Hole No. CB-#3—5

=1
RIO MARATI AT BARCELONEIA

JACKSOMVILLE DISTRICT

IIIIll!!lIIIIllllllllllllJIllllll Y‘ll

classifications usin
Classifications Sysqg

obtained from the r
results and final US
Laboral
precedence over visyj

shown below.

g the
em .

After the visual cla
Atterberg Limits and

CLAISINCATION ©F MARIMS X Coae[eson o2
HUEVARON | OIFTH | LIGEND { Downpenat "f.?" “:3‘ ".’:“'.......".“':‘J’.-«..."‘““’".‘
. 3 < 4 . ) M
-9.99 |21, 04
- CLAY, soft, gray, - _
= little sand and silt. 67 {s '{"
-11.49 |22 ten) L
E / ' 2]
— olive gray 56 16 1
- 1
3 67 |17 T4
pu
1449 (25.53 /] 1
END 25.5 feet
NOTES:
A. Soil classifications abovie are, visuval

Unifiied Soil

ssifikcation was performed,

Water Con ts were

pory
Al cl

uest

Flass

ssification.

d samples and the
ICS classiffications are
fication takes’

nv||Ill|1'llll||l|l|ll|l|-A|I'l|l|[lIl ||||| III!I ]llll lllll|lIIIIlll'll|!|l|||"l|l'l|||l| l’l'l IIIII Illll Illllllli

ENG FORM _ CER £110-0-8801¢
e ar L 1B6-A

cro

216

RIO MANATI AT BARCELONETA

= CB~MB-5 2 |Lrassy
- PL=23%
= PI=35% (cH)
3 ca-uB-5 4 [Li=s2¢
= PL=26%
- PI=26% (cH)
=
o —

CB-MB-g

Plate & 12



DRILLMG LOC | B0t ATLANTIC

[Secsowvisi prsmcr .

-
RIO MANATY AT-SARCELONETA

'-.-lln.mwﬂ
-

HSL
X= 464,678 Y= 227,796 = =
Rl aetey CHE- S5 * |
TROLE WG, (s ke on @oved wete] RS LS B e |7 !
et e mambad | ! Ca-tB-6
e WANE O DRILLER 14, TOTAL NUNGEN CORE BORES
H. Gonzdlez 5. KLEVATION €ROUND SATER ~16.03°¢eet
|6 ORECTION OF WOLE stantEe IE.."&G'I.
(Meenviear Chmeimen ate. rasw vxas, |0 SATE NOLE 5-16-90 _ : 5-16-90
7. THICRNESS OF OVERIUNCEN - SLevaTionTorerwee . 5.97 feet
— TOVAL COAE AECHVERY FOR SONNG 52 ﬁs b3
4 DETTN ORILLED tTO MOCR . SORATWAE OF MIPECTON N
js. TovaL pESTH OF MOLE 25.5 feet Xermit Schmide, PE
eLgva! eerw jLean Cuatesicotion o7 vaTantaLs
. 3 < 4
5.97 p.o: - bls/6" |
- TOP SOIL, clay, stiff, T BERET Wit s =~
p brown, some silt, little 56 | 1 (drop on L-3/8" 1D x *E
= sand, thin roots, occ. 27 0D std. spl. spoon g =
p pebbles. (cr) - TE
= "|brown and dark grayish | 39 2 I:
2,97 {3.69 ]brovm s
:/ CLAY, medium, brown and | ¢ 3 K
- gray, little sand and KN o
-] silt, occ. very dark 3 =
i brown mottied {cH) 3 =
_: olive gray and brown, s0 ‘ 2
- slightly organic 2
—: very soft . 72 - ‘i":_
F1.53 |7.59 S
e CLAY, soft, silty, gray, 56 6 W o
— some sand occ. shell 2k
-3.03 |s.95] _jfragments {cL) < —
NS - - |sAND, fine to coarse -2 =t
- . grained, gray, some 83 ? =N
2 e gravel, fine to medium =
4.53 10.5-". * |grained, sub-angular, - rTe ™
- - little silt {SP) 72 8 l:l——'—
| =" * |trace silty clay lumps,. 12
6.02 N12.64 _ ~ [FTaes : lg |
[ _E... silty 89 ? A
7.53 Ju3.. " |- 1r
= g =
= = [1rictle sile 72 10 . po = =
9.03 l1s.o4 - A 10 =
- . |[sand, fine to coarse 3
. . |erained, gray some 72 1n 1
- gravel, fine grained, 16 —
=1 - |sub-angular, little o
4. .|sile. - - 85
I . 89 |12 sE
- 1
= AF
i B 89 13 5~
SEREEITIE . : -
~ GRAVEL, fine to medium R ol
- # |grained, gray, sand, ‘fine | 89 14 9
- to coarsé grained, silty. =
Li5.03i21.04 % trace clay. (GM)
ENG FORM1B36 macwious cortions ane omsovete FTS IANATL AT BARCELONETA | CB-tBes
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R
'qm.uue LOG (Cont Shwet)] ™™ "7 5.97  feet Hols Ne. CB-MB~6
~.R°!0 MANATI AT BARCELONETA JACKSONVILLE DISTRICT - :‘; ,,.mz
501 ot REmanes
wevanow | otrm | wcwo A ey LA :':Esvu Saunt|  (Dntiy e e o it of
s ® < 4 e € s
E -
= -
-15.0321,04 o
a - |SAND, fine to coarse = - 11
\V4 3 ].| |grained, gray, silty, 50 T1s ik
= -~ some gravel, fine o ol
- 3 o N € B b
16.5.22.‘5: igrained, trace clay {SM) i;_
=11 | “loce. shell fragments 78 116 B Y ol
1. o
] R 72 |17 =
-19.5325.59 | -
— END 25.5 feec —
= NOTES: =
—: A. Soil classificationd above ard visual n
- classifications usirig theq Uniflied Soil -
3 Classifications System. -
3 B. After the visual classificati was performed, E
3 Atterberg Limits and Watdr C ts were -
-~ obtained from the r€g d samples and the [
- results and final USCS classiflications are -
= shown below. Lab ktory blassjfications takes -
- precedence over visull clhssification. -
= CB-MB-6 4 [LL=6ly o
3 PLx24% -
— PI=37% (CH) —
= =
= -
ENG FORM SR 1750.5.1001) ceo 1eee or ~ere.s0n reona oa no.
Latdd 1836-A ° R10 MANATI AT BARCELONEYA! CB-MB- g

Plate B-14

218



Hole Mo, CB-HB- 7

219

[ s T ALLAVION -
omiae Loc | Soum amiaic s oot [0 aken |
+ . MEE ARG TTE OF MY
RIO MAMATI AT BARCELONETA TC BXTOH YON =y
T " X=464, 678 - ¥5328,623 - L —
T aEss ]
RS p AT L L R Rty TR AN nn.] 17 jeeenes
W T T E Ty i 14 TOVAL NUNBER CONE BORES
H. Gonzdlez 15 CLEVATION CAGUNG wATER 6.27 feet
6. DIRKC TION OF NOLE TeeseTis
@ o oo vomovene. |27 |'59750  i75-3-00
r. Trrcautss or oveasunoen - SLevaTIOn ToT ol et 10.27 feec
o. DEPYH DAILLED WiTe MoK - = vvul;:::::::-:::':u soming 60.47 .
9. TOTAL BEPTH B WOLE 25.5 feet Xermit Schmide, PE
ELEVAT PP [ 1 CORE | POR OA NEMAR
. “,:. . kA-C'KAV'.: ©F nateniaLs "‘Eg'_ “-:-o.“ Detne '-"..':",'.,'l"" P
3 BIT OR BARREL =
10.27 lo.0O bls/6~ |
p= N awmet Wit -
E P R Rr T I R
b P . 2" OD std. spl. SPOOKamal.
- sand, roots {CL) * Pl @
3 / 100 | 2 ’
p 3
= / 5
] 100 3
5277455 / 5
7 Jcray, stiff, silty, a
-1 brown, some sand, occ. 78 4 4
3 pebbles, occ. dark )
P brown mottled  (CL)
=3 . 100 5
= soft to medium ;
— =
- gray mottled 67 | 6 3|
1.27 (9.0 y 3
- SILT, very soft, clayey. . H
3 slightly organic: gray, 3§77
— ©
-9.23}10 some sand, brown -c‘rn&ed
- 4saNp, fine to coarse : Lt
- |-} lgrained, gray, some 100 | 8
-1 u o -jgravel, fine grained,
1.73112.00 | {|sub-angulac, little silds
—. . SM
=] trace ?lay (sM) 819
-3.23 13.5_ very silety
3.]7 | |sirey 100 10} .
~4.73[35. ¢4 |. 1]
- 4 Shhr-sITET ‘nxer¥ms': ‘ =
= medium grain 8!. 2 1 2
-6.2316.5] . -4
-] GRAVEL, fine grain, . 2=
= &lgray, sand, fine grain,| 22| 12 2
-7.73)1ed ¢ | silty trace clay {(GM) —2F
:/ {sanp, fine to coarse’ 17} 13 2=
- grained, clayey, gray -4
~.lsome silt, occ. shell 2=
+ {fragments {sC) R 2=
—/ 22 | 14 =
10.73]21. 0 _/ . : 3]
3 E
3 =
ENG FORM 1536 snevious tormions ang oosoLeTe. 216 % a7

RIO MANATI AT BARC;LON‘ETA

P)a‘fe 8-1s



DRILLING LOG (Cont Sheat)] ™" & & =

fest

220

Plate B-16

10.27 Hole No. CB-¥MB- 7
PAOMECT | SesiomAND ettt
RIO MANATI AT BARCELONETA JACKSONVILLE DISTRICT o 2 sim
CLASSHICATION OF MANTEIALS * cote 408 O Bemarcs
tuevanon | oere | cecen t Dewrponond tecov- [saune]  Doker o o e ot of
. » .« 4 - . ] "
+10-73121. 0 -
3 M uxt - i’;
= 22— 15 2+
-12.23|22.53 e
=} - - |SAND., fine to coarse 4
3 - |Jgrained, gray, little 22 | 16 SE
- s -}silt, trace clay, occ. ~1T
13.73 24'2 . shell fragments (SP) ;
4 - 78 | 17 -+
= shelly 2
z15.23/25.51= - 2 o
— END 25.5 feet —
_ NOTES: -
3 A. Soil classifications|abové are]visual -y
- classifications using the|Unified Soil i
= Classifiction System -
3 =
3 B. After the visuval clagsifiqation was performed, -
= Atterberg Limits and|Wateg Contents were -
-4 obtained from the ¢ d safgples and the +
e results and final USYS classifications are —
b shown below. Laboratory dlassilfication takes, :
= precedence over visuall classifikation. -
E - F
- CB-MB-7 -
3 H LL=46% -
3 . PL=23% -
— PI=23% (cL) —
= =
= —
- =3
ENG FORM ygac A (ER 1110-1-1601) ronc ou o
M RIO MANATI AT BARCELONETA! CB-18-7



Hole g, C8-118- ¢

e A TRETALLATw - SR T
DRILLING LOG l SOUTK ATLAKTIC JACKSOSVILLE DISTRICT
[}, PROMELT 2. SILE ANE TYOL OF BT
RIO HANATI AT BARCELONETA TCBXTOR FON
Tt usL
X« 464,563 Ve 229,403 s B SR
4 -~ .
> CCEBCONSULY | CHE- 45 .
13. TOTAL HO. OF OWEA- 1
CROLE Wa. (Ae sl o rmaing (tF0] SUROER Tamrrts Yaxen | 17 !
Bt Biw b st ; c"}ﬂ_s i
Raer or BRCTE - 14, TOTAL NUMBER CORE SOKCS
. Caban 5. CLEVATION GRONND SATER 0.23 feec
e OWEET RN G WOLE pAp— T it
[Rvenvrican” C)ncimees ore. Pnen cunt, 5-7-90 :5=-7-90
| 17. ELEVATION TOL OF WOLE 8 33 feec
7. TICRRENS OF OVERSURDEN P
. TOTAL CONE HICOVERY FOR somme D4 . B2 Y
6. OCP TN ORILLED WITOQ ROCK — T, BICWATURE OF MIFTETON
Is. TovAL OX#YN OF NOLT 5.5 feet Kermit Schmide, PE -
et s e Dl £ s R e
- k3 3 4 L k3
3 BIT OR DARREL =
3 =
8.23 {o0.05 oiss6” b
- FOF SOIL, clay, Very T FOTE) [y ™
= stiff, brown, silty, 89 | 1 [orop om 1-3/8" ID x g
6.73 |1.59] little sand, occ. pebbigs, I o8 v aply spoon—de
. . _/ many thin roots {CL) ry =
_E oce. roots 89 2 I:_
5.23 {3.04 N 9~
= 6
= X we | 2 iy =
3.73 ja.53 / stift 3=
=/ JCLAY; medium. yellowish Sk
P b 3E
2.23 {6.08 dark ‘brown mottled (CH) 21
-t C very soft, gra PUSH
= ;ilt' . 'sl!';gm;ly o::g:?xe, 100 s roSil
by ittie s —e
0.73 |7.5T * * PuSHE
\ =+ -|SAND, fine to coarse S
=2 - + [g9rained, gray, some 100 $ ar-
: -=j. .|gravel, Eine grained, S po
3 . little sile {5P) ry ™
4. . 108 | 7 SE
3 - - 3™
= . . 100 ] Y
4 . . 12 b
9. g,
= I i
I3 - S §-
= 2
e SR 8y f10 | | oE
3. i3
= FEL
I 8% | 1 7 b~
3. g =
= R (A4
b= 83 |12 by
-9.77 hargd. - ] BE
= GRAVEL, fine to megxurg. [}
- L ¥ a San ine =T
— L |85 605t se gehined, Some]| 89 | 13 Sk
11.27]19.93 4 silt, littie clay (6M) S b
= -. | smareggnained SE
. .1fine grained. little 100 14 St
-12.77121.81 7 . sils. — — WAsE)
3 -
— .
ENG FORM 1515 racvious cormions ane cesovere. FTSTNOWATT AT BARCELOSETA | CB-ti: 8

N
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SV as e © wOR
DRILUNG LOG (Cont Shoetf e 8.23 feer tole Ne. CB-tt3-8
] et vae o
RIO MANATI AT BARCELONETA JACKSONVILLE DISTRICT 2w
QAISFICATION Of maMMALY % Coat [s01 O : Stmates
GEVANOM | Dertn | LEGEND tlbrwrgome) II'E:- !A:.f?! e d —:-_-:‘;' Ao, lod' of
s » < ) . f M
3 =
- I
s C
=12.772L.04 1. . . . . Nl
4.7 . ] 8 F
d - " 89 s - 8 F
-1 - 10 —
3 . ~3 b
b 100 | 16 o
9.7 TE
o B € F
i O} - 100 j L7 8 —
L17.27 §25.58 - s |
— END 25.5 feet —
3 NOTES: -
— i
= A. Soil classifications| abovk aref visual -
3 classifications usinfy thej Uniflied Soil -
_ Classifications System. ol
3 B. After the visual claksififpatiohp was performed, E
- Atterberg Limits and| Water Contents were -
= obtained from the r d samples_and the -
3 results and final USES clhssifications are -
= shown below. Lab tory ¢lasslficacion takes —
- precedence over visupl clhssiflication. =l
= cB-uB-8 5 | LL=S1%v -
3 PL=23% -
= PI=28% (CH) -
- -
ENG FORM £8 1210.3-10011 [ o e
i 18364 ERIHOY - . RIO MANATI AT BARCELONETA! CB-MB-8

222

Plate B-18



Hole Mo, CB-11B-9

VEIYATLA b 22
e eotLLNG LOC | sourt atawric JACKSONVILLE DISTRICT -2 wkers
RID MANATE AT BARCELONETA . LALLL Abie Al —
~4ed, “¥="?230,230 - N
i Dau-unc g‘U{i"' CME- 45.
S X T e R ' LGRS BN B Vinan 17 !
T RANT OF ORILLEN = 14, YOV AL RUNSEA CORE SORES
T. Cabin 16, CLEVATION GROUND WATEZR -2.92 feet
€. DIAECTION OF WOL T -
ovenrems, pmeumen RSN LN i PR i
7. Tmcaugss of ovensunotn ) LEVATION TOP OF MOLE 6.08 feet
o oxerie oA Cen wvo nocx — i oA L 85.35
[o. ToraL nerre or woLe 25.5 feet Ke: Schmide, PE
'™ o Pp— CLANMPICATION BF waTERIALS OnE jeex on AguARKS
. :“ . K w-.r—r -EU'V- : ] g --».::3'-4 Lot
E BIT OR BARREL =
6.08 o.oC/ biss6* |
-4 'TOP SOIL, clay, stiff 1 T Vit -
= b . some siit. litéle 4 | 1 |dropom 1-3/8" 10 x ~
4.58 1.5 sand, occ. roots (CL) 7 00 sed. spl. spoon -
< CLAY, stiff, brown and . . 7
pm gray, little sand and S6 2 iy =t
e -Isilt, ocec. roots, very s v
= dark brown mottled. 4
-] / (cH) 28 3 z‘:
1.58 Jo.55 2F
= SILT. very soft., sandy, F18
= Ei voat &% - il
0.58 |55 i acly orqante (e | 7B} 4 puUSH
1 1’| sanp, fine grained, IE
- gray., some silt, trace PIIS.HL"
. o clay - (sM) 100 | 5 _:1_
= 7
i1 E wo | s 2
3 e
X | 3l 2
3 100°] 7 "'?,‘ =
Le.42 l10.59°) {° s
= - i
1! {*|rictie gravel, fine 100 | &
i grained
—-1 | 100 | 9 ;
= 100 | 10 x
.s.92 1s.6q.] |- 7
3 fine to coarse grained §100 | 11 -
1042 64| | Y]
b= -{silty, some fine gravel, iﬁ.l:
3 fine grained 100 | 12 24
-11.92 {18 .0 -
ENED 28F
e 89 | 13 Tol-
311 190
- ] il
- ag 14 _a
L14.92 [21.084) |- 9
3 F
EHG FORM 15 3¢ paevicus eorTrons sac ousoLeTe. FTSICTNATI AT BARCELONETA | CB-1B-9

223

Plate #° 19



li!!lllil‘li{tlllillllt!!il!llli]Il!ll!ll!ill‘iill!l"lllill]ll‘!!llil!l}f

obtained from the ¢

resules and final USCS <l
tory

shown below. Labora

precedence over visy

clas

al classi

Sa

ication.

[ORILING 106G (Cont Shewtf > ™ = = 6.08  fect Halo No, _CB-H3- 9
S ——— 3 3 pTyryy ey . ]
RIO HAMATY AT SARCELONETA JACKSONVILLE DESTRICT . o 2 wens
. CLASSIICATION ©F MANNALS L coteiaor On tueams
aeeanon | oern | ucew (Ormprre recar. ‘ﬁ?:* LsorhompbngifonFnarhd
. » < 4 .
2104 o -
e 2 10—
: 89 L5 _ =
22.83° 16
=]+ -] SAND, coarse to fine 78 |16 -2
P grained, little silt.
_ e . }.gray, occ. shell 3
17.52 124,03+ .
3 - oo | 17 ﬁ_
“4* ¢ some silc
-19.42 [25.59 o I8
- END 25.5 feet E‘
NOTES: =
A. Soil classifications abovie are] visoal T E
classifications using the] Uniflied Soil Foam
Classification System. o
8. After the visual classifipati was performed, .
Atterberg Limits and Watexr Conkents were -

mples and the
assiffications are
ification takes

LL=64t

cB-#B-9 3 3
PL=29% =
PI=352 (CH)} -
A O #O.

FORM FER $116-1-1001)
ENG FORM 1834-A

Gro sees o - vanndeN

224

oRCy
RIO MANATI AT BARCELONETA! CB-1B-3

Plate 620



Hole Mo, CB-13- 10

225

—— v
DRILLING LOG | SOUTH ATLANTIC JACKSONVILLE DISTRICT 2 siave
m‘ 0, HITC ANG TYFE OF MIT
RIO MANATI AT BARCELONETA TC BTN VO ECCTK YRS SO TYWN 5, 0TS
m Ty T
X= 463,343 Y= 230,574 = . ——
* “CEOCONSILT | iE-43 :
e SRR NS W Vhen |7 T !
st BT AT - 16, TOT AL NUBBER CONE BOXKS
T. -Cabén 16, ZLEVATION CAOUND WATER ~6.81 ‘feet
6. DIRECTION OF MOLE = ItowrLavgo
Cveavicss umevmes ot casuvanr, [ 0TI (1 so3u80 :5-2-90
7. THCRNESS OF OvEnsuRDEN = 17 SLEvATION Yo7 OF MoLE 2:19 feet
IR VT S ——— —_— 15, TOY AL CONE RECOVERY Som Boming 73, T1 Y
M, HCHATUAE OF IPECTOR .
. voraL servn or woLe 25.5 tesc Kermit Schmidc, PE
eLevarioni sxeve Lece: CLAMIFICATION OF UATERIALS Reuanuy
. ."' " nn-.:-—o L] -—“‘: ottt
pu BIT OR SARREL =
2.19 0.0 . bls/6" =
=/ [10?P (3841 T €T viC -
% PR ons 31 it e1d 18 1 |drop on 153/6" b x —F
- sand, occ. pebbles, . 2 00 std. spl. spoon.Si"
0.65 [1.57 thin roots X i S
= CLAY, stiff to very 1+
3 stiff, brown and gray, X 2 ™
_0.8) |3.0Y little sand and silt, b 3 =
- occ. very dark brown . Tt
— ttled CH —
— / "o tem 100:f 3 =
3 yellowish brown mottled <E
P A il
3 56 4 TFE
= Lo
-3 Sk
= ) 6|3 JEl
— L
] 3F
v = / % |6 2E
= = ik
= / s6 | 7 =
— R 2
- 3 p—
3 . T- PUSH
- 00| 8 PUSH 2=
= 3
-4 PUSH I~
S = / w0 9 2
-11.3113.51° ) 3
—/ CLAY, very soft, dark 2=
jm gray, slightly organic, . L=
3 silty, little sand, occ| 56 10 - =
- brown sottled {cH Pos
3 s6 |11 PUSH |-
-14.31} 165 / . PUSH |~
-1 .|SILT, soft, clayey, gray} PuUSE
a slightly organic. some 78 |12 2
—d sand, occ. brown mottled —
-15.81118.8 (ML) 21
- SAND, fine grained, 3r
— - [gray. little silt (SP) | gg 13 11—
3. 12 +—
3 - £
= 89 | 14 1]
-18.81421.00 - S
— |0 T - - - - - = —
3 S
ENG FORM 1834 rmevious cormions ame owsovere 1o SLANATI AT. BARCELONETA T&hat o
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|onING 10G (Cont Shoat]] ™" "7 ™ 2.18  fact Mote No. CB-MA- 10
o e
RIO MARATL AT JACESONVILLE DISTRICT o 2 warm
CLASHIKATION OF MATEIWLS % coae [§08 O ey’
UIVARON | OEFM 1 it N T Deswnguows lt.::v SA:;l Io"-cwmm:s{
: [ < 4. ! « £ £
SEICE -5 0. U S S -
R ! 2r
4. 89 [As - 3F
-20.31 {22.54, | Sk
- N
3 - litcle gravel, fine 100 | 16 e
= . grained 10 &
4. Ar
- 83 17 S
-23. 31 {25. 53 st
—3 END 25.5 feet |~
3 ‘HOTES: . =
3 A. %o0il classifications| abovlp are| visual -
3 classifications using thej Unifled Soil =
- Classifications System. =y
3 B. After the visual clapsifikatioh was performed, o
— Atterberg Limits and] Watef Contents were -
-4 obtained from the 4 sapples and the =
3 results and final USCS cihssifjcations are -
- shown below. Lab 4 lassification takes [~
_ precedence over visuhl clpssiflcation. -
= CB-HB-10 16 |LiaSlt =
= PL=23% -
3 PI=28% {cH) —
o CB-MB~10 13 |Li=S6% =
= . PLa24Y -
— PE=I2¢ (cH) a
B I
— =
= P eoRT o iad
tﬂif'o’m 18364 (SR inisiaseir SrO 10 OF - R2E-HE i BB

RIQ HANATI AT BARCELONETA

Plate B-22
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U NeteMe, CO-NB-11
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TN o TRUT A, O TN 733
DRLLING LOG 1 SOUTH ATLARTIC ILLE BISTRICT 9r 2 smenry
L PREIMLY 0, SITE AND TYRE OF 9T
RIO NANATI AT BARCELONETA
SJETECAYEN [ T= HSL
X=462,708 Y- 230,67¢ = S—
T aTuey CuE- 45 R
CORSUL Vi TOTAL NO. OF AVER. T
[CHOLE M. (A oo ae awmertnd. SUMOEN SAMM TS TAGEN 17 H
ot eite miad CB-B- 1] H
e NAWE OF BRCLER 34, TATAL WUBEKR CONE PORLS
B T. Cabéan ¥4, ELEVATION CROUNG BATER 3.62 Teet
(8. GIRECFION OF WOLE ;-u-vu, jeowerTTEn
o] fou ° oue. eaom veay, |17 PATE ML | 5-1-90 : 5-1-90
17, ELEVATION FOP 07 HOLL 7.62 feec
2. FHICKWE RS DF OVEARUADER ——3
38, FOTAL CORE NECOVERY FOR gaRiwg 75 .59 [y
jo. BEPTE OANLLED weTO AOCK - [+5. HOWATURE OF INIPTCTOR
e, TOT AL, QAT OF wOLE 25.5 feet Xermit Schmide, PE
e P A T T U C o I
- - L] 4 > I
= BEY OR BARREL -
7.62 jo.0T] bls/6™ |
P SOIL, clay, + T TIaTIR -
:/ 4 yellwaggmt:‘z‘ayhmi dsan 89 1 ::u:n on :-3/3: it x -
grayis * std. spl. spoon..—i_
6.12 |1.57 /and silt, oeg. roots {CH 5
e CLAY, stiff yellowish ’
1 B as rX)', little 78 2
— isand and sxl:. oce,
4. 62..13,0™ pebbles (CH) -
- cla soft, dack gra
_ son’e"sx t.i slight dy' 78 3
3.12 a5 l!‘”%‘“‘f 1EEAE 238 e
\v4 ] |'|sano.very silty. fine
= =Ry crained, gray,some clay,| B89 4
I.] f.lsand, fine grained, sumel
s IR B L2220 d of
-4 sample . ism} 100 s
1. nd, fine grained, silty
— ray, trace clay
E ’ gs &
31 22 | 7
-2.88 {10754 {7
= ‘| some silt -
- 8s 8
-£.38 jr2.068-) .
—E - wvery silty, trace clay ] 22 9
-s.88 |13.5]°} |} .
- SILT. very soft, sandy,
- gray., some clay {ML)} 28 1 10 .
-7.38 {15.Q .|
pm L -
= little clay 89 11 SE
-8.88 |16:5 i 1
f - , 2
pu some sand, little clay 78 12 =
— ir
] 1+
— 89 i3 hpy o
-11.88119.5] 1B
-4« «i{SAND, fine t© coarse PELE il
_ . rained, s;ltz. some 89 14 E_
— cayel, £1 T \( —
-13.38(21.8d« _» :amed “trace clay (5P 10
'__‘ . i
ENG TORM 1335 wmevious eomions ane owsoreTe T TANATL AT BARCELONETA | cB-1BAl
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-13.38

£

+ +| some silc

llllllll1

. gravelly, fine grained .

s
ad G

B9 }as -

892 jis

78 17 b

ROTES:

Iilllllllllllll[l

Illl’llllllllllllIllllllllIlllylllllllllll|!l|llLL‘JlIIlllllllllllllllllll

END 25.5 feec

A. Soil classifications above arp visual
classifications usihg the Unified Soil
Classifications Syspewm.

llllIl||llllll'lllllll||'lIllI‘lllll

nr|s‘l|||l.n||l|||lnnlllrl‘Iull‘lI||I||HI||||IIHI|

ENG FORM FRR 3110418015
G FORM 1a36-A

sro reve @r cas e

228

reosacy —rye-y
RIO MANATI AT BARCELONETA! CB-MB- 11

P\a‘&t B4



Nele Ho, WOTHO= 1L

229

Plate $-25

I AL A THON N NELY
DRILLING LOG | 'souTH ATIANTIC I LE DISTRICY . or 2 snetrs
e FROIERT ™, BT WD TYPE OF WOV *
RIOC MANATL AT BARCELONETA -
. Y] MSL
X= 461,939 Y~ 230,764 - SR
T BRILLING ABERET N = CHE-45
GECCONSULT T3, TOTAL ®D. OF OV ATUR ARG | ONBIETUR &G
© NOLE WO, (Ae shown st Wraweng #etnl AUROEN SAuRLEE vum‘ 17 H
L s o | CB-MB-12 i
RAGE OV GRILLER 14, TOTAL MUMGEN Cone sORLT
. Caban W, ELEVATION GROUGD wATER ~3.28 teet
e STRECTION B WOLE T i ¥ TeeTares
[Dvemavicas (Pussmen oxa. Faww vaaT. 5-2-98 i.5-2-90
13, £LEVATION YOR OF HOLE 4.72 feet
7. THICKNESS OF GVERBUNOEN b =
14, TOT 4L COME MELOVERY FOM SoaE £{]. 94 +
4. DE7TH OMILLED Mo hack — W, FGWATURE OF IMIPECTOR
5. TOTAL DKPTH OF WOLE 25.5 fzet Kermit Schmide, PE
" "':u Leumwe| c&munc':v‘-:': OF wATERIALY ;‘::'.:v‘« ::."',a Lovirtimg ,_::_:"‘;'_"::K ot of
3 BIT OR BARREL =
s.72 0.0 pisrer
S X Vit
74 ng 29 Lﬁ:c\]iay'lfgtif‘ 17 | 1 jdrep on 1-3/8.ID x  wod
— sand and silt, occ. ver 2" 00 sed. spl. spoon.StT
3.22 j.s4 ark brown mottled (CH) By =
-+ CLAY, very stiff, ; -3
jm yen‘unshybrcvn, litele | 2212 [y
—t sand and silt, - M.
1.72 3.0 very dazk brown m:cl?d -2
-4 . 7
-] s 33 11 ==
- brown and grayish brown ..g__
= 2
= S6 | 4 S
-1.28J6.0 -
— T
3 - i€ {5 Yy =t
= ce. rust culaored . ...s.._
-2.78 [1.5*% xidized nodules A
pa F
a2 = 100 | 6 1E
= t, b - 3 F—
—4.28 b.o ery sof rown and gra 1
- = A
= rayish brown, - 617 PUSH -
= PUSH b~
) 3 . 1k
= / 56 18 PogH —
3 POSH -
3 b2
i 100 -3 e
:/ akE
-8.78 f13.5 1E
_— olive gray, slightly 78 |10 ;gg%—-
= / organic . b
~10.280.5. 09 pusH =
. =¥ LAY, very soft, gray. . 28 |12 ’“ﬁ!—:
= ery silty, sligbtly PUSILIT
—t pprganic, partly sandy } 5% gl
3 ey = T > E
b= 190 | 12 7 =
-13.2808.74 i
— SILT, very soft, gray, PUSH I—
= slightly organic, sandy 89 |13 PUSH
~14.738k9.57] some clay ML} PUSH I~
3 7
= partly very sandy 56 |14 2
-15.28bk1.07 > E
— PROIAEY I-u\.t -
ERCTOTH 1835 sarvicos romows ane cassuete. RIS HANATL AT BARCELONETA T



-
=
=
-

shown below.

E.ma LOG (Cont Sheetf] "~ = & = 4.72  fesc Hole Ne. Co-18-12
RIO MANATI AT BARCELONETA I JACKSONVILLE DISTRICT :'; ety
CLASHINCATION ©F mATIRIALS % coufeon orf Stsatns,
auvanon | oo | ucoo ¢ Cnsrapousa) ucor. lA::l lo-a-'-._;:.;._;..lg
. b 4 « i 5
l16.28 [21.04 -
-~ -SAND, fine grained, silty)] | 4
3 gray, trace clay (SM) 89 Fi1s - ry
17.78 2.5 1. =
= SILT, medium, sandy, ) -
= bray, little clay. (ML) |56 |16 '}":
F19.28 {24.73 3F
' |‘pPAND, fine gravel, silcy | N
— gray, trace clay (sM) 56 17 5 ]
-20.78 [25.57.1 |, 10
- END 25.5 feet
m NOTES:
A. Soil classifications] above are{ visual .
classifications using the| Uniffed Soil
Classifications System.
B. After the visual clagsififati was per . N
Atterberg Limits and Water ¢ were
obtained from the d sapples and the
results and final USCS clhssifications are

nIll|||||'llll‘]lll'l.lll|l|ll"|llll0||l|| |||Il ||lll lTllIllllIlllIrilll'llllllllllllrlll

CB-MB-12 7 LL=66%
PL=a26%
PI=40. (ca)
ENG FORM 10945 a (6 1HI0-1-1801) o0 1000 0F - Bis- 403 rora gy 5
e RIO MANATI AT BARCELONETA! CB-tB-1
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L ind
oMLLING LG | “SouTH aTLANTIC

mmvxu.s DISTRICT

[T
| RI0 MAMATL AT
&

BARCELONETA

", SIZE AND TYIR OF OIT

=%y
MSL
1,890 ' e

T ORILLING AGTRCT CHE-45

° NSULT 5. TOYAL WO. OF OVER- Tomes
. ;“:“- (Aa oo om an wawengd tlllt! CB-bE SUADEN SAWPLES YaREN 7 H
5. WAME OF ORILLER o = 13 4. TOT AL MUMEER CORE SOXKS

T. Cabda 6. ELEVATION GROUND WATER
3 oF MoLE TANTED
[+ o . aee. saom vany, | 5 ORTE OLE 5-3-90

43, GLEVATION TOP OF HOLE 4.82 feet
7. TIICRNESS OF OVERBUADEN 4 =
=388, TOTAL CONE RECOVEAY FOR BORING 72.0 T
8. DEPTH BRILLED MTO ROCK == B HIGRATURE OF MMIPECTON
4. TovaL DEPTH OF WOLE 25.5 feec ]  Kermit Schwide, PE
ciavarion| acrvn fLeox "-“f"",:,"""“',"""'-' Rugo:‘v'. Orating ...:::-:.'.:"' o oo
- - « .
3 BIT OR BARREL =
4.82 P.o'T bls/6" |
p= i T0T Ramsaer wich JO° 3
- rguﬁ?lfit‘élgy'sgkaff' 33 1 |drop on 1-3/8" 10 x ——
- and silt, occ. roots 2" 0D std. spl. spoon -
3.32 .52 y. (cH) —
= CLAY, stiff, yellowish |1g0 2 P g
= brown, little sand and S
1.82 5: silt, occ. pebbdles, 4 b~
— -1 gray and very dark B 41—
= brown mottled  (CH) 83 3 iy ==
0.32 ,'5.:‘/ gray and brownish yello S
p= ry
- medium 50 4 3
~2.18 {6.0%] e
— T 2 f—
put soft 100 s Y
=2,68 .5 ¥
= gray and dark grayish 2
= 3 brown, elightly 56 6 Y
za18 g5 [Jorsanic IS
: - i
= gray and brown 56 7 -
—-. 1 -
= - 2
1 . 50 8 7
-7.18 [12.9] / 2
- 1
— silty, some sand 89 9 e =
3 : TE
-8.68 113 - -
_’{'/ FOSH |-
:/ some silt, little sand 50 10 e o
3 ) 1P
—-l- 1
3 s6 |12 TE
E e
3 ; iE
= / s6 |12 iE
_— 1=
3 1
4 89 13 :—_
J 1E
pu . P i
— 89 14 1F
l16.18 {21.03 X 2 =
3 anl

ENG FORM 1834 sneurous eormians ame omsoLeTe.
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Imuumc LOG (Cont Shwet)“™= ' & = 4.82  feat Hole No. _CB-#B-13
RIO0 MANATL AT BARCELONETA “JAGKSOMVILLE DISTRICT 2 e
CLAIICANION OF maktsALS X cortjeot o8 . by
atvanon | ot | ucHo rivehuiby tcov- [3aune 111.‘-‘:';-..1.7:*‘"
] * < < - (3 f 3
-16.18 {21. 09 3
R auEstay SaAl Y cave - E
] ome sug. {zace shell’ 78 s i
-17.68 j22.$ 33 (Pt)
:7 LAY, very soft, olive
= hray, little sand and 89 |16
. bery shelly (cL)
_: 100 | 17
[-20.68 [25.57]
— END 25.5 feec
J NOTES:
E A. Soil classifications above are -visual
] classifications using the Uniffied Soil -
] Classifications System.
CB-MB-13 S W=72%

lllllllllllIllllllllljllllllllllll

llll|lllll|llllllll|Illlllllllllllll

t-liha_»- win v
-tll|III|lcll||l||lIlnll.|||||lll‘|lll|llll|l|illI.Il [ IIHIlllIIIIlIlllllll|1ll’lll|'l T

ENG FORM (ER 1110-3-1801}
G FORM 1836-A

»

oACT

o0 0r - 620 s03
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Hola o, CB-HE- 14

e and T ALLATION T |
DRILLING LOG l SOUTH ATLARYIC LLE - ; or 2 enents
& FROITCT . WEEC ANO Y¥YSE OF BT —=
RIO MANATI AT BARCELONETA TSKTOu FoR TR R
ToCavion T MSL
X+ 461,758 Y- 229,649 T o7 DWIL
T ca-u..m- §fﬁ3~" CHE~ 45
CROLT WO (4 saoas o wrviing W] RS NI Vaeen |} |
prey e | cB-HB~14 i
R ———— re, YO AL NUNBER CORE WORES
T. Cabdn. 55, ELEVATION SROUND DATER 5,65 feet
T TIREE ST RE o Gy e EviD
Dvaavica, Cmecames ot. vasn weay, |10 PATE WS 5-3-90_ i 8-3-90
ALEVATION TOP OF WOLE 7.35 feet
7. TRICKBELE OF OVEASOROTN
Fis, YOTAL CORE RECOVERY FOR aORIG . 19,0 *
5. DLFTI OWILLED INTS A0SK - I HGHATIRE OF INTRECTOR N
3. TOvAL DRPTH OF HOLE 35.5 feer Kermit Schmide, PE
eexvavion) ..,:. Lcae euw'ﬁ;:;;:.gu"“-m S !2-‘:?« Hivarang .—'.':_‘.’{;... st
- I 3 £ 3
3 BIT OR BARREL =
7.35 jo.04 bis/6*
3 TOP S01L, ciay. medium, T s =
= brown, Yicele  sand and 89 | L |drep on 1-3/8" ID x ‘%":
s.85 |15 silt, occ. roots (CHI 2" 00 std. sph. spoon.ot
- CLAY, stiff, yellowish . A
o / brown and gray, little s6 1 2 sE
yw sand and silt, ocec, i
4.3 "°_/ pebbies ich) - ++
— soft to medium 561 3 ,_}__:'—
I N
3 2
-3 50| 4 TE
:/ A
- 2=
= . 56} 5 TE .
-0.25 17.59 . Fl
.l - + olive gray and =
e = dark gray, siightly - 101 6 ‘f_:
anic -
L1.65 |9.00 organi . 1
g - olive gray, very soft, i
b trace fibrous matter. | 190} 7 1F-
-3:15- {10754 PUSH b=
= SILT, very soft, olive h 2
=4 gray, sandy sone 39 8 3 b
] cla (ML) ST
Lo 65 112.8 ¥ rusi
s CLAY, very soft. olive PUSHE I~
-3 gray, little sand and 19 2F
RTH = silt, trace fibrous 1P
= = (cu} TUSH |—
= / little fibrous matter 10 { 20} . 1F,
E ¥
- PUSH
= 56 11 PUS.!‘I_:
E / , PuSH b
= 72 | 12 PUSH |-
/ pUSH
¥ P g
— little fibrous matter ioo ] 13 A
12,15 19, A - I F
L APERT, 5oLt EiBTous and i+
— silty, dark brown, little 36 | 14 TF
L13.65 |21. cnn]ctayY (20 2 b
ENG FORM 1836 pmcvious cormioms ane oasoneTe. TTOTRCNATI AT BARCELONETA |GG~ 14
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ORILLING LOG (Comt Sheet) ™ " & = 7.35 feec Hole No.  CB-u8-14
RIO MANATI AT BARCELONETA " o 2 yzm

CLASIIICATION ©f MATIRALS % CORE {80x O4, AEMARKS
ntvanon | otu | stcee prisasivaiin HEOV- [SAMAL]  (Pimkon o, e b peh of
2 b < 4 « ! .
SEPLY > V- [N U d
= PN - - 24
p 8s Is 2 -
— 1
3 a1F
= 89 16 g~
-16.65 |24, 0 PUSH |-
ST g‘x’.:z, very sgft.. very 1
-] ray” an ray., SH -
“:' H highlg o¥ganic? sgme 83 17 PUSH —
F18.15 25 s3] 1] || peat. 1ittle silt (OL) PuUsH
- END 25.5 feet -
3 NOTES: —
- A. Soil classifications| abovp are] visual -
- clagsifications usiny the] Uniffed Soil —
] Classifications Systkm. -
= cB-MB-14 7 | wesmr -
= F
- *ROMCT RE 0.

ENG FORM ER 1140-1-1800)
e 1836=A

©r0 10ee or - a20- 203

234

RIO MANATI AT BARCELONETA

CB-tB-14



Hoto Ne, CB-HE-15

235

T ALL AT
BRILLING LOS | SOUTH ATLANTIC SAcKSOWvILLE DrsTRICT 07 2'.:---=mI
. PRQsEST W, LT AN TYFE OF GIT "
RIO NMIAT[ AT IAICELDNED\ T SXTOETON SRS VYO = My
MSL
X= 461,576 Y- 228,518 = N—
* CEOCORSULT | Jas =
R R — L e R {
S RaRE OF DRILLER 1e. TOTAL NUNEEA CONE SOXES
“T. Caban 8. CLEVATION GROUND wATER 2.82 feet
cn 57 WLE Treaves Tes RS
@ o | oaTe e 5-4-90 i 5-4-90
7, YRICKNESS OF OVERSUAOEN : CLEVATION TOT 97 Move 8.82 feet
SETe £, TOT AL CORE ACCOVERY FOR SO
e DETTM ORILLED YO MoK — 0. HOKATUAR OF INEIFECTON — 8‘ =06 >
5. YOTAL OEPTH OF HOLET - 25.5 feet Kermit Schmide, PE
- N AP R T O Y03 T I T
3 [y « . ik B -«:upm..‘
= BIT OR BARREL =
8.82 l0.05 bls/6" |-
= TOP SOIL, clay, stiff, TU7 Vamaer with 307 o |
- aark graxxsh brown and 50 1 |dcrop on 2-3/8" ID x “E
p yellowish brown, little 2" oD scd. spl. npoon__
7.32 1.5+ sand and silt, roots: (CH) 5 j—
= CLAY, stiff, yellowish 1
pu brown and gray, little | 56 2 s -
3 sand and silt, occ. ra=y
p roots and pebbles, dark £
_ brown mottled (cH) 56 3 =+
4.32 |4a.55 ' =
—4 medium, brownish yellow 4
-3 some silt, occ. pebbles| 33 4 S
2.826.04 . —+
= - yellowish brown, gray 2 -
] and dark gray o | 5 iy =
- 3 -
i AL
../ 100 6 4 -
- « f—
E / 100 | 7 ’ iF
J-1.68 {2075 A ) T.__
—/ CLAY, medium,-silt - R =
= yel.lmu.sh brown an 100 8 3 -
= / 9:&;1 some $and, OCC. PN
~3.18 |12.9 {CL} -
e SILT, medium, yellowish 00| 9 KN el
-1 brown, sandy, some clay 3
= gray mottled. —
- . (ML)
— PUSH —
bu 56 10 . PUSH 1—
-6.18 {15.3 =
h CLAY, very soft, dark’ . B
- olive gray. slightly 100 11 ir
- organic, little sand Fu =
o / and silt (cH} = PUSH 1=
3 100 | 12 S F
A 1
- 2E
i 100 13 g o
-10.68{19.5 / 2 &
= CLAY, soft. yerx silty, 2
- 23:)( gray., tele N 84 14 7 =
- ib tter, € 2
-12.18}21.9 Sanggus matter- RELY Y 8
E
ENG FORM 1836 saevious toimions anc oesoLere Nt ATI AT BARCELONETA | CBoilhe 15
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DRILLING LOG (Cont Shewth™ " s > 8.82 fesr Yol Mo, _CB-HB-15
 RONCY =3
RI0 MAMATE AT BARCELONETA JACKSONVILLE DISTRICT 2 o2
Bevanion | pew | e prdiliud TSR TONNE ] ottt e e, depeb of
. " . o l‘ e -—‘-—y--w-;:lq-h-:
-12.18} 21.6F o
i -}- - |SAND, fine to coarse . 3
S < ]grained, gray, little 8 {415 h I
.. .}silt, occ. gravel, fine 1
’ = grained, sub~ ded -
3. | (SP) 3t
Pt 100 16 s 3 v
3. ok
= N 100 | 17 =E-
-16.68p5.5% - 15k
-1 END 25.5 feet -
3 NOTES : =
. - A. Soil classificationp aboke arg visual -
— classifications usihg the Unified Soil i
- Classifications Sysiem. . -
3 CB-MB-15 4| w=s0v -
3 =
- -
ENG FORM A (ER 115011800 v 100 gr - HINx 80D ona o wo.
ey 1836-A e i RIO HANATI AT BARCELONETA! CB-HB-15
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Hole Mo, CB-1B-16
34

oriLLmG Loc | sovme arLamic JACKSONVILLE DESTRICT o 2 overs
- %6, NIT AN TYPY OF BIT
RI0 MANATI AT SARCELONETA TV BEVOL YON TRV TYON & 12Ty
Seattan)
Y= 461,414 Y- 227,468 - =
T CHE- 45 hila .
CRRE WG Th e i o reewns Aria] et~ 16 L OROEd AR T Finen 17 {
R AT BF SRR —i. 14. TOTAL NUWSER COAE POXED
T. Cabdn 15, ELEVATION CROUND WATER 2.35 feet
4 OIRECTion 6% oL Waaves oo
venmea (Dwecmas sue. raeu vanr, |4 O1TE MOLE 5-4-90 {*5o4-90
P T —~r{r. seevaviou vororwoe 30,35 feet
0. DEFTH DRILLED MTO AOCK -— —11s. YovaL con¢ necoveay ron somime 73 .29 by
0. HENATURT OF MIPCCTON
o. TOTAL REPTM O wOLL 25.5 feet Kermit Schmide, TE

-....:'._. u,:,. :Lm-nc'nao:or-uuuu h:f:?: ‘O‘Osﬁn (Bomting '-:::::-;::..:" e
E BIT OR BARREL -
10.35 0.0 bls/6" =
= TOP SOIL, cla Stifg, 1 asmer Wit —
3 Yellowish brown, littie | 22 | L [drop on 1-3/8" b x A1
= sand and silt, thin 2" 0D sed. spl. spoon =
- roots, occ. pebbles, gra) 3 -
3 mottiéd (el - cn
= very poor recovery 1 2 TE
7.35 13.6 A —+
—/ CLAY, very stiff, brown 7 =
P and gray, little sand b il
= and silt, occ. dark 100 3 A
- brown mottled (=} 2=
— &=
.:/ 56 4 sE
3 s
=
3 oy
3 ’ 01 s sk
— ry
2| = iE
= = 100 6 2F
— 2 —
= 2
0.35 {10.6] 17| 7 it
- <] [<|SAND, Eine to coarse T,‘_—
- grained, gray, Silty -
- Some gravel, fine - 5
. rained, sub-angular, 100 | 8 g
] *{iittle clay, brown IR o
-1.65 |12.6 mottled { k3
e SILT, soft, sandy, gray 2
— some clay, partly very 100 9 1
e sandy, slightly organic 2w
= (ML) - <=
3 100 | 10 2 F
-4.65 [15.0] ‘g“:
pu *{SAND, fine to coarse . 3
b grained, gray, little 78 11 N =
P o|silt, trace gravel, S
3 fine grained, trace ry
clay (sp) s6 | 12 sE
IE
7+
M 100 { 13 S
18 -
PN il
78 14 13
_______ - 13
-
ENC IORM 1836  eacvious cormions anc oerovere 710 TANATI AT BARCELONETA | CB-tiB- 16
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10.‘3! feot

Hole No. C8-HB~16

& NG 10G {Cont Sheet) ™™
"RI0 MANATT AT SARCELONETA

mom

-z&-

EARON

- §

CLASSIICATON OF JaATENAsS
 Dovumption }

% coat |80z O8]
ucov. | samnt

[y "
wrossbereny. ot if wgedfsonc)
¢

~10.65p1.

o

Sl P oSl
L

4

T-13.62p4

0
.

-15.18bs. gravelly

78

100 {16

100 §17

[fe =[5k B |

22
16

NOTES:

Al

T T T I P  FT T YT YRS AT PITTANYT I IYRVI FYUURRYETIANEVIEANTAARONS ANUULL

S0il classificationg
classifications usi
Classifications Sys{

END 25.5 feet

abo
g ~thd
jem.

e AL
Unig

visual
ied Soil

‘BB~ 14

H=34%

‘¢$I’|I||!1!I‘l")ltI.|l';;:Q]l"l'il\'l{!llllllll;lll !li!l lllllllll{llll‘lllll,lIQ!III”’I Il’l!'l!lll lll‘l 'l'l!l‘fl

ENG FORM (ER 1210-1-2001)
e T1836-A

rorcy

RI0 NANATI

€m0 teee or - ka0vaeE
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Mate Mo CB-1B-17

IW = -
DRILLMG LOS- | SOUTH ATLARTIC JACKSONVILLE DISTRICY o 2 weers
T —
RIO MAMATL AT BARCELONETA it LA —
T wr Semtay HSL
X=461,234 Y= 226,402 Ty B
R G- 45 .
Rr R L S - RS W Vien | "y ]
[ HaME OF ORILLER 14 TOT A HUMECA CONE SOKCS
H. Gonzdlez T6. ELEVATION CROUND WATER
6. OMECTION OF MOLE
venricor (Jincuines ora. cnsu vaay, | ' 04T MOLE }5-7-90
7. YwcaME LS OF OvERBUROEN SLEVATION TOP Gr woLe 12,89 feet
fo. oEPTH ORILLED MTO RoCK _— :""::::m"‘ oomus 84,35 T
. YoraL oteTe o noLe 25.5 feet " Kermit Schamide, .r-: :
. ro— Py CLAFICATION OF BATERIALS 25ens Joos on _:.;..::.* P
- s < R M n "....._-..."""‘...'.....-..—
3 BIT OR BARREL =
L2.89 0.0 bls/6" -
3 TOP SOIL, clay, medium TWOF Bammer wich 30 1L
- = some, silt, dark grayx‘h 67 1 [drop on 1-3/8" I x —==
11.39 |1.50] brown, little sand, occ.| 2" 00 sed. spl. ‘P""‘—Zh—_
— roots. (cL) %
- very stiff 78 2 Z:_
9.80 B.0"5 /] . 6
:/ CLAY, very stiff, dark 9~
— grayish brown, little 78 3 =
8.39 h.s5'— sand and silt, occ. -+
= — thin roots (cu}) s -
= gray, mottled, stiff 56 4 z-—_
6.89 .02 - s
— CLAY, medium, grayish S
= Jbrown, silty, scme sandd oo s by 4
= locc. pebbles, gray by =
— mottled, partly sandy —
. 3 (cL) 2k
= 100 | 6 7E
3.897p. 0 7T
s 3 soft to medium . : I
T3 100 | 7 —ZE
- - e
- = 1}
i T 100 8 Ry § =N
0.89 p2.0% . - “it
— dark olive gray . 2=
= 100 [l 2F
=081 N3, 5% 2 -
- PUSH }—
3 . g . PUSHC
L2.11 hs.od very soft, more silty 1o0 10 TE
= SILT, very soft, gray, g =
p= saméx, little c‘li'ly. 100 | 11 T
13.61 Jl6.5% partly very sandy- @ wy) £
*_ " |saND, fine grained, Al A
gray, silty, little 100 | 22 S il
rS.11 “leclay {sp} 1
fine to coarse grained, _7.:
little silt 33 | 13 Il
-6.61 10
“liittle gravel, fine Kl <
grained 89 14 oF
811 —_— e — =
ENG FORM 1836 sewious cormions ane sesorere. RIS SANATI AT BARCELONETA | CB-1B- 17
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RIO MANATL AT BARCELONETA

foruiing 10G (Cont sh-ai"‘"“"'"'"" 12.89 feot Hole Mo, CB-HB-17 :
f— —
RIC MANATI AT BABCELOWETA DISTRICT o 2 oo
tsevanon | sere | uecoo R ofians et ‘:: ;OA':“;?: Ot o b b -
. ks L < i i £,
e -
=earfaeed | L o o 2
3. = g
Jou 106§ 15 3
e . . =N
. o 7 F
o 100 § 1& TE
F13.11 4,04 1o b
= TR ey MR 15 =+
-t - ] * e
et Eivtle silt, trace gravel| 33137 3
‘F1z2.61 b5.54 fine grained. sub-angular 9+
- ERD -25.5 feet a
- E
3 NOTES: . E
= A.  Soil classificationt abofe ar¢ visual -
p classifications usisg the Unified Soil -
- Classifications System. —
TS CB-MB-17 s | w=3is -
E =
- AoRCt Ananiind
mg‘;_(gm 1B26-A IER 111011801 cra 1eee or vsINn N CB-tiB-17

plale B30



ole Me, CB-HB-18
ORILLING LOG | SOUTH ATLANTIC LLE l':; sters
"';;:;" 1 AT . BIE 6od TYPE &9 T g
HARA! BARCELOMETA T B ATOE oW VA TN TN TS Sy ——~~]
ATION (Combinatos o 3 MSL
X= 463,136 _ Y= 228,091 - ——
R CHE- 55 .
e L TR L T e 1
ot (oo s o ¢ CB=-MB— 18 H H
P T LA TN Ty 4. TOTAL HUHEER CORE OXES
H. Gonzilez T, ELZVATION SROWND wATER .72 feet
4. DIRECT 0% OF WOLE aranteo B L
Mveoancs Ciwcumas one. vaou vamy, |V OATE HOLE S~4-90 i 5~4-90
7. THICKUTES OF BVEROUNOEN £E TLayiTion To of heut 9.72 feet
— 1. TOTAL CORE mECOVEAY ron somus  7B.0 *
6. DCTTH QAILLES MTE AOCK 1. SINATURE OF IEFICTOA
jo. YOvAL BEPVK 00 moLE 25.5 feet Kermit Schmide, PE
eLevar ..,:.. F— mnelnne: er uaremias =':$§‘"‘ ;o:?-; R ..1:"__‘-".:.'* esm ot
. (] 3
8IT OR BARREL -
9.72 bls/6~ &
pe 3 - T Samer Wit o
b TOP SOIL, clay, stiff, 67 | 1 |dcrop ou 1-378" 10°x A
-] brown and dark grayish 2% 0D std. spl. 'm_q—
ke brown, some silt, littlp ) 6 —
= sand, occ. pebbles, S
4 roots tcr) 78 | 2 b} 4
6.72 .04 A . =
:/‘ CLAY, mediua, yellowish | . El S
-— brown.some silt, little] -
3 sand, occ. pebbles, SE
l . grayish brown mottled =
= “3 (cm 100 |« =F
3.72 k.07 F1°
— ‘- 3
- yellowish brown and —
= / gray, stiff. 100 § 5 _::
= <2E
3 67} 6 aE
] St
pu 2
3 S6 { 7 =SF
—] =
= - 4=
= 78 |e =k
L2.28 [12.03 / sk
p . 2l
= wedium 00 | s 2F
s 3
- 2
= 78 | 10} - 2
Ls.28 J15.03 . 3
- - ] oy
- medium to stiff =t
3 56 | 11 =
3 2
3 78 | 12 3
|8.28 18,04 s
— SILT, soft, sandy. 2
— yellowish brown and 67 | 13 <
~— gray, little clay. —=
.78 |19.53 (ML) ]
- CLAY, very soft, gray, S il
- §.}i Et.ly osg:géc;nt 56 14 S o
F1.28 o1y 400 T T T e 1E
Y "o, —
EN-?.:?:‘“ 1836 rmevious £0ITIONS Ang OasOLETE. 710 SANATI AT BARCELONETA 1S58 18

" Plate 8-37
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Hole No, US-8- 18

RIO MAMAXT AT BARCELONETA JACKSOMVILLE DISTRICT ""; .3_
utvanon | perew | uceno n“ﬂ&:'wovmms :.K‘&." u-:: lw;whmq
(133 L wontboving, et if wpunaont)
s (3 < * . 4 P
1128 prool | g
:/ olive gray, soft =3 “IF
o 78 |25 Ir
- 2 —
] e 100 | 16 IE
14.28 24.0/ 2
P TE
- §7 |17 2
-15.78 [25. 94 Asoft to medium 2 F
- END 25.5 feet -
= NOTES: ; =
P A. Soil classificationsl abovie arej visual -
e classifications using thel Uniffied Soil =
- Classifications Systiem. - 3
3 CB-HB~18 4 | w=asy =
- »
= -
NG FORM « - aro een ar - erenans ronc o =0
LIS reaeoa n oty T enme RIO MANATI AT BARCELONETA! CE-18-18
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Hole Mo, CB-1E-19

o - g
smLLwG Loc | Soum aTusric JACKSONVILLE DISTRICT 2 acere
't PROIELT el
T0 HANATI AT BARCELONETA YD S T TV T Ve TV STy
JiCoCATION "or Seatany) MSL
X=466,672 Y- 227,389 - - S—
st at-45 .
RS0 (Lo s St .u..fE PN . ;3;;5:&:{&;1‘-.-"_'-"0:;-» g.-.-u....-n
4. MAME OF DRILLEIN 4. TOTAL KUMGER COAE SOXES
T. Cabin i, CLEVATION GROUKE SATER B 55 oot
 Ceamrrans Comeesince [ onre e "S%9%90
(2. THICKR LSS OF OVERBURGEN gl ELEVATION TOF OF woLC 13.55 feet
¢. oE#TX OAILLED W10 AaCK -— Se. TOTAL CORK ron somus' 78 L3
19. MEHATURE OF tNIFCCYOR
. YOTAL DEPTM OF woLe 25.5 teec Kermit Schaidt, TE
eLevaron| u.:.. couwo cumméu_o{:uuu.m g{:! g‘e:_:g_-‘ COentine ..::.:u::'.:“ —
. [ . ) Py
. - BIT OR BARREL
.s5o.0
-1 TOP SOIL, clay, stiff, T emer Wikl
3 brown and grayish brown, 56 3 d:on on 1-3/8" ID x -g—
3 some silt, little sand. 2* 0D std. spl. spoon 2
=3 thin roots {cr) - .
= s6 | 2 %~
10.5513.09 /] k.
:/ CLAY, medium, brown, s¢ | 3 s
- silty, little sand, occ. 4
9.05 }6.5%4 thin roots, gray:aand TF
..SZ — dark brown mottled {(CL) 3 -
— - 78 4 EN =
7.55 6.0‘:/ brown and gray, stiff =t
_E olive gray, sligthly S6 | 5 ;g:—:—-:_
6.05 |7.55 organic -
b b PUSH [~
3 SILT, very soft, gray, 56 I3 PUSH {—
- very sandy, some clay, PUSH -
) occ. shell fragments pusH
3 (ML) PusH |-
3.65 {1079 sey7 push |-
. . pysH I~
- -[sAND, fine grained, ver =
=3 |-} isiley. g:ay? littie ) 78 8 eusH
. clay, occ. shell . PUSH =
1.55 112.¢ 1fragments (sM) PUSH 1
- CLAY, v soft, dark 1
- q;az. sfightfy brganic, | 100 9 -
= 5ilty, some sand, fine 1
0.05 {13.54 /|to medium grained, shelllg 2
— (erL) o >
= N 89 | 10 2
= / sandy, little gravel, PUSH I~
-1.45 {15.04 fine grained 2
47 °|sanp, fine to coarse PUSH |~
— ./|grained, gray very 78 11 3
-2.95 |16-54, clayey, some silt, tracg gy
p “|gravel, fine grained, 3
= - sub~-rounded, occis‘s:l;:ells 100 12 ey
-4.45 [187W Jsome clay T
:/ lcLay, soft, olive gray PUSH I—
—3 and gray, slightly 78 i3 2 |
- organic, little sand 5 =
! and silt, occ. gravel, 2
-1 fine grained (CH} 100 14 R
-7.45 |21.d Z =]
ERG FORM 1336 sacvious eormions anc omsarete mTo SANATI AT BARCELONETA N
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DRILLING LOG (Cont Shoety] ™™ > = 13.55 feot Halo Mo, C3-t8-19
T el
"VRIO MARATI AT BARCELOSETA FACKSORVILLE DISTRICT o 2 53
CLASHHCATION OF MATTINS T coet prox O .
atvanons | cenn | uctns prisaivalle secov. TAMRE]  (Drding mue, o .:7:‘?:;(
s » < o i3 4 L 3
p= "
-7 45_p1.0" _— -
4 = . 3k
A 100 | 15 =F
-8.95 : Py
A PERY, medium, datk brown aF
e and very dark gray. 100 16 e
- clayey and €ibrous, 3
~10.45E4. 0 litvtie silg ipe} -
3, CLAY, medium, organic,
= Aolive gray and veéry dargkj 100 17
- s g:ag, Some peat, little
—11‘92‘2_5.5‘- sand and silt, oce. shelis
= {OH) -
= ERD 25.5 feet e
5 NOTES: . -
= A. Soil classificacion$ abote are visual -
3 classifications usifpg the Unified Soil -
= Classifications System. . »
= cB-u8-19 & jumaov E
ENG FORM ER 41£0.4-18001 -0 vae0 00 < arnaser o ot o
e 1836-A fre e er RIO MANATI AT BARCELONITA! CB-MB-1g

Dirte 4D



omLtme LoG | “sorre aniawtic

Rt {a-tr

DR
RIO MANATL AT BARCELKMETA

-, HEE SN0 FYRE OF WY =

e T 2 HSL
X+ 466,114 . Y- 228,327 - —
W’l CHE- S5 .
A WS (e e ez P T AN nuul 17 § oo
T Ty . 20 V4 TOTAL MuoEA CORE woRES
. Conzilez iT ELEVATION GROUND WATER 183 Teer
. BINECTION OF WL E T
o= Chmenme oce rmowvane, [ TEME (59090 i 5-5-90
7. TuicRuEss oF oVEABURGEW ELeviTim Tor orunt 12.43 feet

8. DEFTR DIILLED MTO ROTK

. TOTas Coae mEcovEnY ron somma 85,06
. HORATUAR OF WIPECTOR

T R O VN TR YN ST Ty oy}

2. TOYAL DEFTI OF wOLE 25.5 feet Kermit Schmide, PE
LEvAY everw fyecens! Ktnunc'gw-ornrnuu B Ay P nesancy -
. . .- " o e by .'........".'.':."
E . BIT OR BARREL E
43 100+ blsse*
B TOF SOIL, clay. medium TRUT Bt wieh Wb
o brown, silty, sone sand. 56 1 :““:o“:rusl mx 2E
ho.93 h.ss thin roots, occ. gray sed. spi- """’"—E_
— mottled (cL)
: v\ s
— Sstiff .
9.43 [3.6%% /] 74
:/ CLAY, stiff, brown, 00 | 3 -
—_ silty, some sand, occ. 4
o / thin roots {CL} e
e
= 00 | 4 1 =
.43 16.0 5
": soft to medium 18 s :
a.93 l1.s 2
- 2
o b / sandy 00 § 6 2=
3,43 f9.88 S
- ~ 2
:/ brown and gray 2 7 - -2
1.93 helSd /] : =
=i-} [-iSAND, fine grained, : - S
.1 lelive gray,qsugy wo | 8 T
-0.43 12.63.] {]ricele clay (54} —IE
=/ CLAY, very soft, olive i1
- gtgy, some sam;l. }{zzt.le 100 § 8 1=
-1.07 13.54 i"_
—i-] T|sawn, €
-}, 1?5& g;:;,gzgé;e51lty. 100 ¢ 10
p lxtue c1a¥ . . . -
-2.57115.04] j-]fibrous matter {sM). |- —
=1 |.| [sand. fine to coarse ° i ol
-] grained, gravel. fine ki 11 8
e g *jto medium grained, 9j—
hus I 23 st_:b-rounded. lirtle g ry =
b 89 | 12 =E
o4 sk
3 sk
p=d N 78 13 =B
a0 Lok
=0 lofkr
1. 78 14 ToF
-8.57 21641 1. 11k
EHG FORM 7836 smevious corvions ane cesorete. A1 ANATI AT BARCELONETA 185620

Plate &4l
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R10 MANATI AT BARCELONETA

Plake &

12.43  feec Hole Mo, - CB-HE-
RIO MANATI AT JACKSONVELLE DISTRICT
ISCANDN AL = COMEF80% OF REMAREE
RIVANON § Mo § LEGEND Qs “,_:,, u‘c:v. ux( um;‘ -:71..; ‘.,..’,«
- .3 I3 4 . f (3
= I
[~6.57 B1.05 —— — . -
3 : = - T
s 100 | 15 ik
- 2
= - o
= 100 16 Sk
- ol
= E2 S
- 100 | 17 S
-13.07] 25. ik
-] END 25.5 feec -
3 o
b NOTES: =
J A. Soil classificationy aboye aré visval -
u classifications usigg.thq Unified Soil -
- Classifications Systeam. -
= CH-MB~20 4 wW=31t -
3 - ..
e -
.{ YT el
FORM ER 11L0-0-1881Y cwo oF L 4T 803
MO FORM 1E36-a reeer o CE-B- 20

42



Hole No. CB—MB—2§

DRILLING LOG South Atisntic l’: iﬁ‘m‘“ HLE %:%mcr 4]
RIO DE MANATE AT BARCELONETA.P. & T A TP O o s
- ssvoo E. Vz2a ST
BYAC R0, ¢ GYERBONICH 5
disterbed: 17 sndisturbed: o
ToTAL CORE BOXES 1
HIPOLITO GONZALEZ 15. ELEVATION GROUND WATER 0.4
& DIRECTION OF WILE .,
Rveaticar  maaneo e BAgrk 13 April 1993
5 ey . ELEVATION TOP OF HOLE_20.51
8. DEFTH DRILLED INTO ROCK O ft. MW 846%
5. TOTAL OEPTHOF HOLE 25.5 It 1 ALAN RANDGLPH msrﬂgg_-&ﬁ —
we
ELEV. |DEPTH % CLASSIFICATION OF DgATER!ALS e ;‘:"'5:" ERE ::s | g'u
2 or Bacrel ?
e * a2 @
205 00 / 205 .
E 2 F
3 CLAY, sity, very stilf, §ttie fine x
-% gravel, occassional ronts, dark g I St spoon I 4
. / brown iCL} . 9.0 g
3 3+
_./ o2 Spit spoon s b
254 30 17 s s}
] + 1
= stu sandy, very stiff, ittie -
N ciay. aork bte\m’( ‘} )3 Sest spooa _r
] 5.9 s
. PR
1 some clay a| 4 Spit spoon L 4
3 s s I
= . 7 o
3 Bis Sphit speon L2 4
-~ 138 I
p « |
] sal e Split spoon s |
3 ns e I
3 <}
] iz Sphit spoon ] o
_ﬂ_&é_‘.,ﬂ X0 :~ -
17 ] PN o
- CLAY, silty, very shiff, Gtite fine " s
% sana, dark brawn (CL) bl Skt spoen 3 f
b / 85 »
. / st
:/ very stiff s} 8 Spht spoon 1t
:/ 70 © ¥
- / & -~
:/// stift woj© Spht spoon s I
_'/ : 55 I L
% 3
:/ stitt wls * Soit spoon s |
'./// 40 2 F
- / LI o
3 / mecim wel @ Spkt spoon 2 b
:/ 25 3
3 2 r
-'-/ stit! 9| n Spiit spoon < F
:/ 19 o 4
- t -
i soit Ko§ “ Spiit 3povn L 4
e s y |
J F o
E mecwm consistency 100§ 5 Spit spean I
-201225 - ' -2.0 4
ENG FORH 838 #REVIOUS EOITIONS ARE OBSOLETE PROECT . HOLE FUMBER
e R10 OF MANAT] AT BARCELONETA P.R. | (B-#B-2
Plate B-43
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R

RIO DE MANATI AT BARCELONETA, P, R.

s - Hole No.CB-MB-21
DRILLING LOG (Cont. Sheet) I 20.51 1t ST g

JACKSONVILLE DISTRICT

ERLEV. |DEPTH|
script

LEGEND

CLASSIFICATION OFmM)ATER!ALS

REMARKS

E
Ric Bit or Barrel

SAMPLE

NUMBER

BLONS/
5

=20 225

gray {SC)

=5.0]255

SAND, clayey, fine lo medum
grain size, trace sitt, very dark ==

6o [ B Spiit spoen

THrr

]
s
[n
v|s

w7 Split spoon

"

o

Classilication Systea.

and water contents were
oblained from some ol the

Unitied classification take

ctassification.

below:

Sample #6. Sieve analysis
wsi9X

Sampie #12 Sieve analysis
w=38%
LL=49X
PL=33%
P1=16X (ML)

Soils are classilied visually in
accordance with the Unified Sod

After the visuat classification
was performed, Atterberg imits

sampies: the resuils and linal 1409 hammer with 30° drap used
precedence over the visual sampler (1 3/8° 10 x 27 0D)

The 1olowing laboratory fests the day after compietion of
were performed as indicated dritting.

15" standarg spkt spoon

Grouncwater level was measured

ENG FORM 1630 PREVIOUS EGITIONS ARE GBSOLETE.
5

PROECT HOLE NUMBER

,vvvvrvwvarv-‘v-v.lv-‘-”-v-Ivuv]vvvvlr-.v.-..l-v-ulvvvv|r-v|..

-
&

T T T T T T YT

R0 DE MANAT] AT BARCELONETA, P. R. CB-MB-21

m-le A-4 4
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Hole No.CB-MB-22
7

DRILLING LOG | south atiantic Wumsowms QISTRICY
DE MANATI AT JARCELONETA,. P. R. SIZEA'U
N InSiEs or -~
- 5 ETCRRTEN SAMPLES TAKEN
and e pwaber) S 17 undistwbed: O
CB-MB-22 TOTAL MUMBER OF CORE BOXES 1
HIPOLITO GONZALEZ 5. ELEVATION GROUND NATER 7.1
S GIRECTION OF HOLE A
Rverticar I mcLIned = )4 Aprd 14 Aprit 1993
- OF Boroen 1L s Ga Rebavi £ S 755
8. DEPTH DRILLED INTO ROCK O It | T :
0. TOTAL DEPTH OF HOLE 25.5 11, | ALAN RANDOLPH CRUMLEY (V&wﬁ)’
o T3 =
ELEV. |OEPTH] Z CLASSIFICATION OF MATERIALS aaul ]
: ol Description) REC|E S B ELY
] X iz B
3.1 0.0 3. 0
r 3
3 SILT, sandy, very stit!, litlie it spool o
E clay, brown (ML) woyt Sait " 5t
- ne LA of
] i1
2 |1 -4 Spht spoon 5 b
] 01 s I
b LA o
- o] 3 Split spoon 1 -
86) 45 8s st
./ 2 r 5
=3 CLAY, siity, littie fine sang, very 3t
E / stitt, brown (CL) o Seft spoon 2t
3 / A 4
3 / . s r
;/ sttt e|s Sokt spaon 3§
_'/ 56 -2
. / L3 4
;/ soft wo| 6 Soéit spoon [y
1] 8.0/ 4 [
.? s }-
3 CLAY, sandy, trace sil, soft, 7 it spoon T F
—/ grayish brown {CL} s Sekt 3p —t0
] / 26 LI <
] / — I
—_/ very soft, brown to grayish 8| 8 Sphit spoon LI o
1] 120 1 brown - LI o
o F.
(iléh‘)l, sott, {at, very dark gray wol ¢ Spht spoon L o
H E
-.4] 135 =4 LI 4
= ¢ S o
3] SAND, fine to medue grain size, t spoon 4 b
9 some silt, very dark gray {SM) bl Sekt s ——t
3 . =19 Lis
p 3 t
E some siit, sand is fine grain size 0o ¥  Spitspoon 2 F
- =34 ' r
41 2. r
2 little sit, sand is fine grain size 00| » Spkt spoon r
] -49 5 F
] LI 4
-] tace clay lumps, sand is medium ss| B3 Spiit spoon ' r
p grain size -6.4 3 I
] without teaces of clay. medium L] 20
9 to coarse grain size, trace fine S5 | 4 4 Split spoon 3
1 gravel, color changes to grayish 7 T F
4 brown =79
i - 0w
3 same as above, traces of sity a3 5 Sptt spoon 2
3 sand fumps s F
S . -94
ENGTORM 836 PREVIOUS EOITIONS ARE ODSOLETE. PROECT T HOLE NUMBER
RIQ DE MANAT] AT BARCELONETA, P. R. CB-MB-22

plate B-45
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DRILLING LOG {Cont. Sheet)
FSELT

Hole No.CB-~-MB-22
2

.

EN%FW 1830 PREVIOUS EDITIONS ARE OBSOLETE.
AR T1

PROJECT - S
RIQ DE MANAT] AT BARCELONETS, P. R

£B-MB-22

]
HOLE NUMBER

1382 &t oF2
RIO DE MANAT] AT BARCELONETA. P. R. JACKSONVILLE DISTRICT
ELEV.|DEPTH| 2 |  CLASSIFICATION OF MATERIALS uE REMARKS @
Y 2.
B {Description) REC S Bit or Barret 5=
| _~9.4_225 e — ~9.4

3 3 i "L

3 see previovs page B’ B, Spht spoon ® *

- Y] s I

] "S- trace clay, color changes to - R}
3 very dark gray By Spiit spoon L 4 2%

~2431255 11| LA L .

E Al 12" gepth, “0” Diows means -

P~ sigight of hammer, without biows. -

3 Soils are classitied visuatty in 3
i~ accordance with the Unified Soil L

1 Classitication System. N

3 Atter the visuat classification o

~1 was pertormed, Atterberg imits o

e anc water contents were b

4 obtained from some of the
- samples: the resulls and tinal 408 ith 30° oro; L

4 Unitied so¥ classilication take L\?.S'hsa(:::;r‘: snesit svooﬁ N

] precedence over the visual -1 4

] ncsiiconon, sampler (1378”10 x 2° O0) H

7 tevation wa 2

] The tollowing taboratery tests e e e

3 were pertormed as dicated compietion of driling. L
] Letow. -

- Sampie #5: Sieve analysis 1

3 w=34% X

E Lle43% -

- PLeo3ix -

] PIsi2x (ML) -k
- T
J -4
= a5

3 3
- [-5¢

250

oiade B-46



Hole No.CB-MB-23
SHEET T

DRILLING LOG | ™ soutn atiantic [ arsonviLLE oistaicT A
0.
RIQ DE MANATI AT BARCELONETA. P. R. B
BELYION Toordnates o Siati
X=4685.184 E, Y=228,080 § D IR T Ry
[XDRICCING AGENCY ol
GEOCONSULT, INC. CHE 45D
4. o Shown en aremng litie i - i -
a0d foe rumder) CB-MB-23 disturbed: 17 undisturbed: O
TOTAL NUMBER OF CORE BOXES 1
HIPOLITO GONZALEZ 5. ELEVATION GROUND WATER 4.2
& OIRECTION OF MOLE
Riverricat TIincLineo 17 Aped 17 April 1893
w b 1 ; ?:A:'c':t'::vav so:‘:mm 768 %
3. DEPTH DRILLED INTO ROCX O 1t. -
. TOTAL DEPYH OF HOLE 25.5 1t 1 ALANR cRumLEY d-bunte,
[=] we Ky
ELEY. |[DEPTH] Z CLASSIFICATION OF MATERIALS [CORE —wi ]
I {Description) Recl&2 B;:En’:*ggf . i
he] X |52], 2
§2 00 8.2 .
2
CLAY, silty, medium, little tine N —
sand, brown (CL sap ! Spiit spoon 2
57 3
2
a2 Sphit spoon 3
5.2 2
—2]
sofl 8 | 3 Sphit spoon [
3.7 2
1
grayish brown and very soil to 0ol 4 Spit spoon [ 3
10.5° 22 1t
: ——t
erl s Split spoon LI §
b4 -1
% = 1blow in 18 inches = V19 _ V18 |~
0wie Sphit spoon D 4
-8 [ -"
LIS o
wo| 7 Split spoon [ & )
=23 =23 LI o
0 I
SAND, clayey, some sitt, fine to s
wedivn grain size, some shel 6oy 8| Spiit spoon F
fragments, very dark gray (SC) =38 ~. 1 r
® I
4l 9 Spht spoon [ 4
-53 ~5.3 LI o
s -
SAND, weil graded, fine to T r
coarse grain size, some tine 0o | 0 Spéit spoon JELI {
gravel, very dark gray (Sw} -6.8 LI
[
ssfn Spiit spoon T |
-8.3 s r
T b
67| R Spht spoon s I
~8.8 7T
< F
tine to coarse gravel sizes s6 | B Split spoon S I
-11.3 L o
S Ix
same 3s above 88 | W Split spoon 3t
_12.8 -12.8 I
Y SAND, clayey. httle sit. medium o
to coarse gran size, trace fine ;. 3 -
gravel, very dars gray (SC) Ll Selit spoon —
-14.31225 1 _14.3 2
)
ENGFORM B30 PAEVIOUS EDITIONS ARE GBSOLETE. PROJECT - HOLE NUMBER
R10 OF MANAT] AT BARCELONETA, P.R. CB-MB-23
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Hole No.CB-MB-23
“SHEET 3

DRILLING LOG (Cont. Sheet) i g2t . oF >
(FROJECT S
RIO O MANATI AT BARCELONETA, P. R, JACKSONVILLE DISTRICY
=] W& =~
ELEV. [DEPTH] Z CLASSIFICATION OF MATERIALS  CORE —iui 3
o] ot & REMARKS -
& {Description) R;C E43 Bit or Barrel §¢,'
] nZ 2
~i4.3_22.5 —14.3
_7/ o .
3 CLAY, siity, trace fine sang, " —
./ solt to medivm, very dark gray = ,'_g Sefit spoon —
- / (CH) ~158 T
3 . "I
_-/ w|w Spiit spoon (S
~17.3} 255 17/ -17.3 T
1 Soils are classified visually in 9
- sccorgance with the Unitied Soil -
] Classification System. »
3 After the visual classitication L
- was periorned, Atterberg mits -
] and water contents were o
E obtained from some of the |
-] sampies: the results and final ith 30° -
] Unifies classification take o e s " ¥
] precedence over the visual sampler {1 3/8 10 x Z° 00) 9
4 classification. [
7 . Groundwater elevation was T
] The following laboratory tests measured the day aiter 9
] ;e‘re peflormed as indicated completion of drilling. [
1 elow: [
1 Sample #5: Sieve analysis -
] w=64%
4 LL=53%
E PL=35% -
4 PI=18% {MH)
- =4
- [ .
] :.;o
3 s
4 o5
1 r
= . Fso
ENG FORM 1836 PREVIOUS EDITIONS ARE OBSOLETE. PROJECT - e R
R RIO OF MANATI AT BARCELONETA.P.R.~ | CB-MB-23
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Hole No.CB-MB-24

DRILLING LOG ™ soqtn atiantic E‘:mmu(somme DISTRICT SHEETT]
R e
RIO DE MANAT] AT BARCELONETA, P. R, .
BEKITON Woordnates or Seaton)
X=485,114 E, Y=228,562 N
IRITIING AGENCY
isturbed: 7 und >
disturbed: § undisturbed: O
£o-uB-24 4. TOTAL NUMBER OF CORE BOXES 1
15. ELEVATION GROUND WATER 0.97
RDveaticar T)imcuneo = 13April__ 13 April 1993
[ Toess o e T ek core e TR T
2. DEPTH CRRLLED INTO Aocx O 11, B e
. TOTAL DEPTH OF HOLE 25.5 1t. |~ ALAN RANDOLPH CRUMLEY aelndy,
) W =
ELEV. |DEPTH| 2 CLASSIFICATION OF MATERIALS [ = @
& - °"1mm AEMARKS a.
e {Description) Rsc E34 it of Barre =
= wz a
80 00 / 90 o
- 2 0
Z/ CLAY, silty, very stift, trace fine " o———t
-/ sand, occ. roots, dark brown Ll Spit spoon LI ¢
- / € 75 s T
7 =
__‘/ sttt 0o { 2 Spiit spoon s b
:% 6.0 []
7 2
‘:/ soft, brown 8| 3 Split spoon 2 r
:/ 45 2 F
. / o
:/ very sofl, grayish brown 0o} 4 Spét spoon [ 3
30] 60 ‘A 20 v F
m ) [
] SILT, some fine sand, very dark - e
7 gray (M) wo| S Spit spoon 4
151 7.5 1 L5 LI 4
SAND, dayeyétsm fine well 1 b
rounded gravel, 0CCassional 3
shelt {ragments, very dark gedy woy ® Spit spoon 4 F.
o.0] 9. {SC} 00 i r
2 r
| SAND, coarse, trace to litbie 6} 7 it spoon s F
5‘»3, shell fragments, trace fine Spit sp —
A gravel, very dark gray (SP) {4 s
4| 8 Sphit spoon s |
-30 ~ S F
B
some fine gravel 0| s Spiit speon [ 3
4.5 s b
2
6Tt 0 Sphit spoon 9
~5.0 LU o
L
wol w © Sphit spoon [
-7.5 2 -
o r
trace clay lumps 87| R _ Spiil spoon LI
-90 3
LI o
no traces of clay mwiQ Split spoon e r
-10.5 L o
L 20
se i M Spilit spoon L
~12.0 2 r
[
87 {15 Spld spoon 2 I
- — 1 -13.5 w_r
ENLEl FORM 18368 PREVIOUS EDITIONS ARE O8SOLETE. PROSECT . HOLE NUMBER
e RIQ DE MANAT! AT BARCELONETA. PR, | CB-HB-24

Pl.te B-419
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: Hole No.CB-MB~24

[oRILLING LOG (Cont. Sheet) oo e

[ TN FPTTS FUUI NPT PUTTE P P FUUUS TWETE FYWTY PRUTY FTTTY PRUTE PUTRY PETTE FRUTS FUUTY PR P

RM 1838 PREVIOUS EDITIONS ARE OBSOLETE

PROECT -
RIO DE MANAT] AT BARCELONETA. P. R.

HOLE NUHBER

CB-MB-24

RIO DE MANAT] AT BARCELONETA, P. R, l JACKSONVILLE DISTRICT
ELE. {0EPTH| 2|  CLASSIFICATION OF MATERIALS us 3
. ] Sa@ REMARKS e
g Deseription) REC 23 BIt or Barrel &
= Z [
| -43.5 _22.5 e e ———— =135 "
N
trace clay fumps 8|8 Split spoon o |
~150 °
no traces of clay, sand L)
becomes fine to medum grain Sphl spoon ¥ F
size 6.5 ry 25
Soils are classified visuaky in 9
accordance with the Unified Soil o
Classification System, +
After Ine visual classitication F
was petlormed, Alterberg Emits =
and water contents were 3
obtained from some of the -
samples: the results and final 1408 hamaer with 30° 30
Unilied sod classification Lake e o s U0
precedence over visual - [
Classilication. sampier (13/8° 10 x 2° D) 3
y Groundwater elevation was S
The lofiowing iaboratory tests measwed the day alter -
were performed as indicated comptetion of drilting. o
delow: 32
Sample #3:  Sieve analysis -
wed2X L
LL=50% r
- PL=36X -
Pleiax (MH} -
=4
=1

PAMat s e Maataaes

50

254
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— Hole No.CB-MB~25
DRILLING LOG [ Soutn aontic [ AcksoNvILLE p1stRicT i
RIO DE MANATI AT BARCELONETA, P.R.
BEATION (Cooranetes or Siatio
X481,436 €, Y»228,387 N N T —
IT ORTLING ABERGY o °
GEQCONSWLT, INC. __ CHE— 438
e rumbery T o1 Gramng lite CB-MB-25 disturbed: 17 undistwbed: 0
b AT OF DATCLER TOTAL NUBER OF CORE BOXES 1
HIPOLITO GONZALEZ 95, ELEVATION GROUND WATER -4.79
{G- OIRECTION OF HOLE
Dveanica. Thmcuneo = 12 Apeil ‘:‘ZA'D'“ 1993
r 17. ELEVATION TOP OF HOLE
2 i . TOTAL CORE AECOVERT FOR BORING 87.3 X
6. DEPTH OAILLED N0 ROCK O B8
2. TOTAL DEPTH OF WOLE_25.5 1. 1 aLan RanooLPH CRUMLEY &~ fpuomle,
o we -~
ELEV. [DEPTH| Z CLASSIFICATION OF MATERIALS o A
] iDescription) aeci%g AR En
w X |x2 =
= az ]
82 00 Py
2
CLAY, silly, trace line sand, b
wery stiff, oce. roots, kight wo it Spiit spoon L 4
brown mottled gray (CL)} 6.7 4
z |
wol 2 Spilil spoon AL
52 s I
same as above, stitf, occ. rock 3 r
lragments, light brown mottied e | 3 -Spil spoon 2
oray 37 3
no coots evident below 4.5 leet 2 s
wol 4 Split spoon 2_r
2.2 bl
i - r
stiti wol s Spt 3poon s |
4 LI 4
1 r
nedive als Skt spoon 2 I
-8 2
[ 3
sotl to medum 0l 7 Spiit spoon | b o
=23 =23 [
SAND, ciayey, fine grain ‘size. L o
trace sill, very soft, pead! 00 t spoon 1
traces, very dark gray (SC) 8 18 - Seb -1
medim grain size, occ. shell I
tragaents, traces of wol 9 Spht spoon LI o
decomposed wood and peat b o
=53] 1.5 122 =53 .
) [
; SAND, mecum Qrain size, sity, 00 t spoon ' 3
5 trace c:asy‘.’very dark gray and i 68 S ] 4
brown = 5
; % = blow in 18 inches = /I8 _ v}
1 wol| s © Spit spoon Ol §
4 a3 o 5
S WH = weighl of hammer L
becomes more clayey towads wo | ° Split spoon _w
-98| 180 boltom ol sampie -9.8 wt F
4 WH = weight of hammer w_r
] / CLAY, silty, trace fine sand. wol s Sphit spoon T F
4 very solt, very dark gray, hra o
7] slightly organic {CL) -3 :
] . 2 by
shghtly organic, solt, trace tine " L
b sand, very dark gray and black 88 | 1 Split spoon _3_.:
-12.81 2.0 1 -12.8 2
=M pEAT, some shighlly organic L o
:"““‘I clay. occ. shell tragments, 67| & Split spoon 2 }
0] plack PY 3
-14.3122.5 1 ~14.3
 I—
ENG FORM $430 #REVIOUS EDITIONS ARE OBSOLETE PROJECT - HOLE NUMBER
RaRTY RIO DE MANATI AT BARCELONETA.P.R. | CB-MB-25

plate B-St
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[DRILLING LOG_(Cont. Shee) !"““"‘ el 4

Hole No.CB-MB-25

RICOE HANA‘" AT BARCELONETA, 2. R,

JACKSONVILLE DISTRICT

ELEV. [oepTH| 2| CLASSIFICATION OF MaTERIALS  LoRE YIS R P
sa EMARKS .
& (escription) Rﬁ"}i S Bit or Barret g
-t nZ €
=43 2258 =143
DRGANIC CLAY AND PEAT, soft, 3 §
biack {OH} 6 |8 Split spoon ) 3 F
~15.8124.0 =58 3
- . SAND, some clay, n;::oun to s b
coarse grain size, skghtly i ™ F
% organic, trace shell (ragaents sir Spét spoan ]
~1731258 0 {SC) ~il3 2 F

Soils are classitied visually in
accordance with the Unified Soil
Classification Systes.

Alter the visust classification
was perioraed, Atterberg imits
3ng water contents were
obtainad trom some of the
sampies; (he resuits and final
Unitied soll classification take

precedence over the visual
c!assahclhon,

The lodowing labora(my tests
were peﬂorm as ncicated
Sannle 3 Sieve anaifysis
w*38X
LLw58%

. PLw43X

PIsiSX  (MH)

Sampie #6: Sieve analysis
weA3X

140# hameer with 30" drop used
1.5 standard split spoon
sampler {1 2/8” 10 x 2" 00)

Groundwater eievation was -0.4
feet the day atier completion of
orilting, Groundwater levet on 28
Apeit 1993 was 3°0" beiow top of
hoie {etevation +4.38 teet).

ENG FURH W38 PREVICUS EDITIONS ARE OBSORETE.

RAR T

PROJKELT
RIO OE MANAT] AT BARCELONETA, P.R.

HOLE NUMBER

PrrTeT

=

AN B

w

LA AL B A

.

TErT T T T T TrrerT

CB-MB-25
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Hole No.CB-MB-28

DRILLING LOG South Altantic I JACKSONVILLE DISTRICT oF 2’
RIO DE MANATE BIT See Remarks
RAYION Toara >
VRO A YORER R DESE AT T OF AT
GEOCONSULT. INC. EWWM'“B
e Showr: on aramnyg title 17 . 0
and fie rumder} -MB~ = -
[ e TRICER Co-MB-20 14 TOTAL MUMBER OF CORE BOXES |
HIPOLITO GONZALEZ 15. ELEVATION GROUND WATER ‘2.3
6. GIRECTION OF HOLE K 7
Rverticar O INCLIKED 3 15°Aprd 15 Apeil 1993
= = L TOTAL eoas'::vs.:i: = 54
2. DEPTH DRILLED INTO ROCK_ O 1. BORING 941X
5 TOTAL DEFTH OF HOLE 255 1L 1™ aLan RanpoLee crumey @bl
[=] we -
ELEV.{DEPTH| = CLASSIFICATION OF MATERIALS ou "3
8 (Description) RECIE @ REMARKS L
© X Bit or Barret o™
b} X {52 3
103 _00 7 10.3 o
b . 4 -
] / CLAY, silty, kttie fine sand, very i E
-/ stilt, occ, very sma¥ roots. e8| Spéit spoon [
9 / dark brown (CL) a8 s
] T
_/ brown , very still wo| 2 Spét spoon e |
2/ 7.3 s |
3 / s |
_/ brown, very stifl wol 3 Split spoon [N o
:/ 58 s T
. / b
;/ ght brown and lght gray., stitf 9a| 4 Split spoon 3 b
:/ 43 3 F
v . +
:/ sttt wof 5 Spiit spoon O
_’/ 28 T 3
3 2 |
-/ medium, without roots, light o
:/ brown mottied gray 000 Split spoon (3
‘./ L3 2
v =T
_'/ aedivm wol7 Spkt spoon 2 Fao
/ -2 2 |
3 / 't t
'_'/ soft 0] 8 Spht spoan ¢t r
:/ “4r s T
3 / o
:/ very solt LRI ] Spiit spoon __1_ X
2/ -32 [
Y ) T
:/ soft, kght buish gray wol © Spht spoon 2 I
471150 1 ~-47 3. Ls
] : : CLAY, organic, solt, peat . : 1
] . . solt, ‘ ram 8
Y73 aces. gray and black {OH) ool & Spéit spoon —2.r
X7 -6.2 2
L%
Y = |
= : 4 black, peat traces, selt 0ol R Split spoon [ &
s . 77 2 F
Y 4
] 2
‘E soft, same peat 0o} B Split spoon LI of
] -9.2 2
= R
] soft, kght bluish gray 0o K Spbt spoon _3_-
3 -10.7 3
3 5+
: soft 831 5 Spit spoon __3___ [
~12.21225 1 ) -12.2 2t
ENG FORM 18368 FREVIOUS ECITIONS ARE 0BSLETE. PROJECT - HOLE NUKBER
HARTH RIO DE MANAT] AT BARCELONETA,P.R. | CB-MB-26

Plate B-53
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$0.33 1t

Hole No.CB~-MB-26
H

DRILLING LOG (Cont. Sheet) |
[FRORTT

Soils are classified visually in
accordance with the Unilied Sail
Classiticalion System.

Atter the visuatl classification
was performed, Atterberg kmits
and water conlents were

OF 2
RIO DE MANAT! AT BARCELONETA, P. R. JACKSONVILLE DISTRICT
etev.Joeetn] 21 cLassiFicaTION oF MATERIA e 3
] eseriptions > [REC ge hEMARKS £
u X |52 3
—122 225 ~12.2
3ol : 3
] PEAT, soit, black, some organic . -7
_&& clay 1P .14 ;5 Spiit spoon | 3 r
YY) —13.7 2
il -
oul 2 r
_-ﬁu. some shed fragments, ight gray erl o Spit spoon 2
—15.2| 255 114 ~152 EN

i RAAAS B

]
- obtained from some of the 1408 hamaer with 30° crop used |30
p samples: the resulls and finat in LS standard spiit spoon X
E Unifiea sod classification take sampler (13/8” 10 x 2° 00) b
3 precedence over the visval F
E classification. [
] The lollowing laboratory tests s
- were pertormed as indicated -
. betow: L
4 Sample # 4: Sieve analysis o
3 we 37X -
1 LL=62% C
] PL=46% E
] PI=1B%  (MH) - F.
-] Groundwater efevation was ¢23 . |~
] ieet the day atter compietionof [
1 oriting. Groundwater level on 28 -
- April 1993 was 6°7" below top of [
E hole (elevation +3.75 feet). -

3 9
- o
3 L
= 45
3 L
3 [

] s
1 -
] 50
ENG FORM 836 PREVIOUS EDITIONS ARE 0BSGLETE. PROJECT HOLE NUMBER

- RIO DE MANAT] AT BARCELONETA, P.R. | CB-MB-26
~ 1. .4
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. Hole No.CB-MB-~27
T SHEETT)

DRILLING LOG [ south auantic P SomvILLE DISTRICT ot 3
[CPBETT 90, See Remarks
AJO DE MANATE AT BARCELONETA, P. R, i A
AYTOR (Loordnates or Stalo
74 £, Yw227,434 N B Y RERT DES0 8
GEOCONSULT, 1N T
4. 3 on aramng title i i o
and 7 rmber) CB~Mg-27 disturbed: 17 undisturbed: O
. TOTAL MUMBER OF CORE BOXES |
HIPOLITO GONZALEZ 5. ELEVATION GROUND WATER 6.7
&, GIAECTI0N OF HOLE
CRAverticar CIInCLINED = 15 Apeit 15 Aprd 1993
A r T :LE'V‘:"OI Tor OF msn:.ar —
2 DEPTH DRALED 110 foc O It R STGRA TORE O-EDCOCIST- -
0. TOTAL DEPTi OF WOLE  25.5 ft. | _ALAN RANDOLPH CRUMLEY 4“&‘“‘%
(=] wee ~
ELEV. [DEPTHI = CLASSIFICATION OF MATERIALS [DORE i 1”3
o {Description) REC|E D S EDN
] X |52 B8
7 00 nr q
CLAY, silty, Sittle tine sand, very 3
stitf, oce. very small roots, " -1
dark brown (CL) e I Sefit spoon ir
. 102 $
P
very stifi, ight brown | 2 Spiit spoon __4___-_
8.7 L o
3 -
very stitl, irace line sand. sai 2 Split spoon
mottled ight grayish brown 72
stift, brown 83| 4 Spkt spoon
5.7 LI o
. 2 r
stilf, gray mottied woi s Sphit spoon z
42 b )
LI o
medim 81 86 Spkt spoon 3t
2.7 s F
R
solt ool 7 Splil spoon —'—.—l)
L2 LI o
same silly clay as above, but : LI o
mired with black organic sit and =
peat, aboul 40% of sample is 8 Seitspoon ¥
organic, soft -3 - '
1
some peat, soft, black w9 Split spoon 2
18 2
1 r
soft 00| 0 Spkt spoan LI o
-33 2 I's
2L
very soft 0ol & " Spht spoon _tr
~48] 185 —4.8 LI
il ; -t
SILY. organic, very soll, black " Y F
l:l and gray {OL) bl . Split spoon 7
inil =63
il 2 b
il s wol Spiit spoon 2
it -7.8 2 F
ohe T
- |I' occ. shell {ragments 00 1 Sphit spoon 2 F
-g3| 210 'h -9.3 3 |
] 3y
] SILT. sandy, lrace to little shelt . ; -5t
4 tragments, biack and gray (ML) 0o | 5 Split spoon P
b =108 3
—— 1 y
ENG FORN $838 PREVIOUS EDITIONS ARE 0BSOLETE. PROSECY - HOLE MUMBER
HaRTY RI0 DE MANATT AT BARCELONETA, P. R. CB-MB-27
pate B-55
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Hole No.CB-MB~27
— SHEET 2]

IDRILLING L0G (Cont. Sheet) | o o o o
b ZAI ML
RIO OE MANAT] AT BARCELONETA, P. R. JACKSONVILLE DISTRICY
ELEV. |DEPTH 2 CLASSIFICATION OF MATERIALS W >
£ v 1] REMARKS 2.
] {Description) REC zz Bit or Barrel g
i wz B
t_~108 228 ——— e —— 0.8 .
g};memus sheg xlrawenls. about 3t
4" in size, SX of sample, 4 L
embedded in sandy sit matrix, w8 Spkt spoon 2t
gray and black =i2.3 LI of
z7 b
some small (1/4%) shel wol| ¥ Split spoon 3 F
rm fragments, kght gray and gray _13.8 -~ _—5

PRI I TR TS TUTT PUUY FURTL PRTY TR FURTWE PRTTS FURTS FUTEE FUNTE FUTE P TWTEE FRUTE PP 1Y PRTTY TP

Soils are classitied visvally in
accordance with the Unified Soil
Classification System.

After the visual classification
was performed, Atterberg kmits
and water contents were
oblained irom scoe of the
samples; the resuits and Unitied
soil classitication take
precedence over Lhe visual
classification,

The loftowing 1aboratory tests

were pertormed as indicated

below:

Sample #2 Sieve analysis
we=3A4%

LL=60%

PLe4SX

PI=15% (MH)}

1404 hammer with 30" drop used
n 1.5 standard spit spoon
sampler (1 3/8" 1D 2'2° OD)

Groundwater elevation was +8.7
feet the day after ariling.
Groundwater level on 26 Apri was
470" beiow top of hole (elevation
+B.84 jeet).

ENG FORM 1830 PREVIOUS EDITIONS ARE OBSOLETE.

WAR 7}

. [PROXECT - l
RIO OE MANATI AT BARCELONETA, P. R.

HOLE NUNSER

CB-MB-27

..v.,....,.nv,....g...,....,..'..l_..........,....J....,....,.. T
* -]

50
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Hole No.CB-MB-28
~——SEETT]

DRILLING LOG ™ south attantic JACKSONVILLE DISTRICT o 2
0.5 e
mo DE MANATL AT BARCELONETA. P. . 1S Mo Tere e oiT See Remarks
X-459 554 E Y-ZZB ISZ N
GEOCONSULT INC. REURDEN AREN
4. N
mslwbed' l7 undisturbed: 0
CB-MB-28 TOTAL NUMBER DF CORE BOXES |
HIPOLITO GONZALEZ 15, ELEVATION GROUND MATER 3.0
& DIRECTION OF HOLE
Bverticaw [JmcLIneD B 18 April 16 Aprit 1993
AT e L —
8. DEPTH DRILLED INTO ROCX O It. T s 87
0. TOTAL DEPTH OF ME_25.5 It. 1 ALAN RANDOLPH CRUMLEY donCesemmilin,
[=) we -~
ELEV. JOEPTH[ = CLASSIFICATION OF MATERIALS p i) D]
w &o REMARKS x:
e (Description) REC E3 4 Bit or Barrel gnq
- 4 @
&0 00 80 il
:% CLAY, sity, kttie fine sana 2 b
- - shty, ne sand, very 3
] / stift, dark brown [CL) bl I Sefit spoon 3.F
3 / 65 « -
:/ . —r
_-/ very stitt 8] 2 Spfit spoon &
:/ 50 1t
:/ LI o
ks very stitf wol| 3 Split spoon s -
3 35 T F
k7 -2 Is
:/ mecum lo stift 00| 4 Spét spoon LI
:/ 20 3 r
] / . 2 r
5 ;/ aedum 00| 5 Spiit spoon [
_'/ 5 -2
./ 2 F
] same clay as above, but mixed ; 4
Y] vinveat ond organc clay wol e Sokt spaon 2L
=10} 9.0 7] =0 2 r
:;: CLAY, organic, kllie peat. solt, =
. ,: dark .glay (Oﬁ) o . BT Spét spoon [ -_’
7 =25 Z t
¥ . [T 3
Y 0| 8 Spl spoon v r
¥ son —40 - [ 3
R 74 T
Y sore peat [about 40% of 0ol g Split spoon LI o
4 sampie) _5.5 T F
'-’; ® = { biow in 18" = /18 -
7] soft 00| © Spéit spoon -
4 =10 3
B %4 L
v . X 3
Y7 soft ol 8 © Spiht spoon o
=7 =85 -
77
p A4 occ. decayed wood particles, ©00] » Split spoon
3 ; very soit 0.0
V7 .
¥
1;‘ /A soft wo| 3 Split spoon
-n.51 195 Y77 -ns
- SILT, clayey, embedded
'—‘ lmestone fragments over entie v 1
B sample, very soft. brown (ML) Ll el I Split spoon
-13.0} 210 1 -13.0
~ CLAY, silty, embedded kmestone L
3 throughout sampie {about 40%). [
b soft, ohve green (CL) BB Spiit spoon 2zt
I A -14.5 10 |
. { ] >
EP:% F79RN 1830 PREVIOUS EDITIONS ARE DBSOLETE PROJ HOLE WUMBER
RID DE MANATT AT BARCELONETA P.R. | CB-M8-28

Ylate B-57
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DRILLING LOG (Cont. Sheet)

Hole No.CB-MB-28

[ a03tt. SELTZ

RIO DE MANATI AT BARCELONETA, P. R

mluﬁ DISTRICT

ELEV. |DEPTH g CLASSIFIGATION OF F HATERIALS %ﬁgg REMARKS @
& script Clzx it or Basrel S
u x |G2 i 2
—14.5 225 e =Id.5
— 7 - it
evious pPa o
:é see previous page |8 Soht spoon o
0l24.0 ~{//] 1 -180 5 |-
B SILT, sandy, very soit, one . L
3 ?r“?? 1Y/ 2" imestone irageent salm Sphit spoon Y :—ﬁ
~17.5]255 1 A 2 |

Al

classiticalion.

below:

TS TS T PUUTE P PUTT FITUE TRTS PRUUS PUUES FUTTE FUTTE FTTES PURTE PR PRETE PUWES FEWTY FOWTE I

Soils are classified visually in
accordance with the Unitied Soil
Classification System.

After the visual classification
was perioreed, Atterberg kmits N
and water contents were
obtained from some of the
samples; '::oe rew:ls and tinal
Unified soll classificalion take P - N
precedence over the visud! B

The tokowing 1aboralory tests
were performed as ndicated
Sample #3 Sieve analysis
w=37%
. LL=54%
PL=40X
Pl=i4% {MH)
Sampie #9 Sieve analysis
w=i03%
LL=S1x

PLo35%
Pi=i6x {OH)

140# hameer with 30° orop used
spoon
sampler {1 3/8™ 1D 2 2° OD)

Gr ter levef was
the day atter completion of
ariling.

ENG EIORN B30 PREVIOUS EDITIONS ARE OBSOLETE.
MAR 71

PROJECT . HOLE WUMGER
R10 DE MANAT] AT BARCELONETA,P.R. | CB-MB-28

]

MRS AL ELS BUR R JURILLE MR RS I

RN

Ma~der B- 6K
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Hole No.CB-MB-29

DORILLING LOG [ soun anantic ' IACKSONVILLE DISTRICT §z¢pz’ gi
RI0 DE MANATI AT BARCELONETA, P. R. 0. SIZE AND FYPE GF 21T See Remarks
€3 or STat MSL -
X=45¢.791 €. ¥»224.885 N
ABENCY o
GEOCONSULT, INC. CHe—4358
X E . > y
oot T Pasbies) CB-MB-28 disturbed: 17 undisturbed: 0
ToTAL CORE BOXES |
' HIPOLITO GONZALEZ 1S, ELEVATION GROUND WATER 7.3
o DIRECT 10N OF FOLE
Dvernicat Ol wcuineo = 1 April 17 Apri 1993
= ryTraT 17 ELEVATION 70F OF HOLE_12.30
oo DRALED IO ROGT BT, ToTaAL m&mm?;mm 83.0X
. TOTAL DEPTHOF HOLE 25,5 1T, | atan RanpoLPs crumey Gunlucante,
o A5 RE ~
ELEV. JOEPTH] Z CLASSIFICATION OF MATERIALS i
] Description) REC gg Rt £
w X |52 &
23_00 23 "
:?, CLAY, sity, ittie fine sand, R
< . Shty, ne yRUy o
-% stitt, occassionat fine roots, Lol I Set spoon .
P / dark drown {CL) 08 LI o
] 1
__-/ very stiti wo| 2 Sphit spoon Y F
I/ 93 4
:/ 2.x
77 B 0ol 3 Spét spoon EI
:% 78 T ¥
7 / 3.1 5
E / stitt, ight brown wol « Spht spoon <«
:/ 63 rr
- / . . L
;/ very stitt woi s Spht spoon [
_'/// 48 N 3
4 / 3 3
;% sttt wol e ) Spkt spoon 3 F
33] 9.0 // 23 s F
;’/ un:;‘su:mc'cassirnai . Tk
] weathere: stone fragments, 9
= / stift but triable, dark orange woi ? Spit 3paon L 3
3 / icu) 7] 2 <
- / 5 b
—_/ Sttt but friavie s} Spét spoon 7t
3l wo 1/ ) s I
??& SAND, tlayey, fine to ngdiuia. s |
dark orange, similar to previous Nt T F
samples but with increased sand Bsl 9 Spit spaon 3
=128 135 1#4] content (SC) 12 LJ 4
pe 6
] / CLAY, sity, some fine sand, s7T{© Spht spoon 3
E / hard, yekowish brown, sone ¥ }
= / 4 gments ~2.7 5
3 / {cL) s T
/ ool 8 < Spht spoon FL
‘:/ -42 Ll
3 % ] JI I
3 / it but friable due to sand s7le Sptt spoon 45 b
:/ -57 % T
] / @ |
4 881 13 Split spoon _5_0_/_5_'.-
1 -2 augered
/ as above, sily clay wilh 2 fx
— same as above, si Y wi i -
/ embedced ﬁmestong fragments, A Split spoon ___z_{__ -
-5.7§ 21.0 1 soft, sboul 30X imestone -57 7 F
; 1 content s
b SAND, silty, some hmestone ey
b labout 35-40% of samples), w16 Spit spaon 2.f
N ight Brown (SM} ~10.2 g
| —— fc IR
EN FORM B35 FREVIOUS ECITIONS ARE OBSOXETE. PROJECT . I HOLE HUMBER
RIC DE MANAT] AT BARCELONETA, PR | CB-MB-28
Piatr B-ST
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LLING LOG (Cont. Shi

@T

RIO DE MANAT] AT BARCELONETA, P.R.

P Hele No.CB-MB-29,
eet) l 1230 4t. Ezﬂ %
memsmcr )

[N TN FUTTE TR T PTT FETUT FPUWE P PUTES PYRTY TUTTE FUUTY FUTRE FUWEY FETES FUTTE FWWWE PP

After the visual classification
was pertormed, Atlerdberg fimits
and water contents were
obtained from some of the
samples: the resulls and finat
Unilied sod classilicalion 1ake
precedence over the visual
classitication.

The toliowing laberatory tests
were performed as indicaled
below:

Sampie ¥3 Sieve analysis
w=39%X
N LL=B4X

PL=38%
Pi=28% (MH)

=] 3
ELEV. {DEPTH] Z CLASSIFICATION OF MATERIALS —uw -3
b (Description) REC|E 2 sremaxs g
w £ |<5 it or Barrel g%
pe] nz . @
| -10.2_ 225 e e ' ~10.2 .
trace ctla L] :“
Y 78 -8 Sptit spoon. 0 b
=1z s -
) 2 |
no traces of clay er| @ Spiit spoon [ S
=13.2125.5 =132 0 _—?5
Soils are classified visually in N
accordance with [he Unitied Soi b o
Classitication System, [

140¢# hammer with 30° grop used
in L5° standard sphit spoon
sampier {1 3/8 10 2 2~ 0D)

Groundwater level was measwed
the day after compietion of
ariing.

-]

T TP T T T T T T T T T YT
-]

T

RALARRES SAARL

1
»
=

ENG FORM 838 PREVIOUS EOITIONS ARE OBSOLETE. PROJECT - HOLE NUMBER
RaR T R1D DE MANAT] AT BARCELONETA, P. R CB-MB-28
Lt 27D
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Hole No.CB-MB-30
SHEETT )

DRILLING LOG | south auentic Wmmsowms DISTRICT ;
PRI o
RIC DE MANAT] AT BARCELONETA, P. R
OCAYION L ooranaics of Staiion) MSL
X=456,568 €, Y=228,544 N v ¥ XCYORENTR DER WO DRI
[ DRICCING AGENTY -
GEOCONSULT, INC. LHe-4se
N . {43 on drawng lille y Yy o o
8nd fie rumder) CB-MB-30 distwbed: 12 ungisturbed: 0
AR O TRTCCER TOTAL NUMGER OF CORE BOXES |
HIPOLITO GONZALEZ 15. ELEVATION GAOUND MATER Not lound
§6. DIRECTION OF HOLE A
Rverrica. Dliwcuneo = 15 April 15 April 1993
: Ty 3 f:ivnlo« 100 OF :':.s;:s.m -
8. DEPTH DAILLED INTO ROCK_ O 1L A e s ke oG 88
5. TOTAL DEPTH OF WOLE 1.5 1L, 1 atan RANDOLPH crusEY golusts-
ELEV. JDEPTH| 2 | CLASSIFICATION OF MATERIALS  EORE(SIE @
& {Description) asc £ it or Barrel g-o_
i a2 8
661 00 661 a
4 o F
3 SILT. sandy, some limestone .
E rock {ragments, yeRowish and s Spiit spoon
] yeNowish red {this is soft 646 114
E fimestone broken by sampier s
3 into these constituents), " 3
- 1 sampled as (ML) 0ol 2 Sphit spaon o F
3 yelow 631 %
] ™
-] frigble with medium pressure, 88 | 3 Spkt spoon %0
4 some timestone {ragments 516 20 ¢
r v a Spiit spoon
g0t} 6.0 1 0.1 sugereds
- f LIMESTONE, soil, subrovnded to —ho recovery— on -
h subanguiar, ight yellow, no et
JII{ cecovery ({sampie was obtained e Selit spoon o F
5861 75 JIXI| tcom auger tiights. thus it is 586 sugered
1T _subrounded or angutar) / j L2 4
3 SILY, sandy, some émestone 88| s Spiit spoon 3 3
3 rack fragments, Gght yeRow, v -
3 about 40X of sampie is 571
E il recrystatized imestone (ML} x_r.
Emesione does not appear LU ] Spiit spoon L] Fo
recrysiafized, soft rock 556 » F
3 sampies are aft whitish yetlow or 5 I
3 very pale yeflow to end of w7 Split spoon 2 -
E poring sS4t .- 2 r
] »
3 includes recrystatized wof 8 Spht spoon w I
3 timestone, hard 526 » |
3 R o
E Soils are classified visually in 561 9 Spht spoon 5045 9
3 accordance with the Unifies Sod st sugered
-— Classification System. = = I
3 Aller the visual classitication woi 0 - Sphit spoon 2 F
I was performed, Atterberg limits . 0 -
P and water contents were 498
b obtained from some of the 4 r
3 sampies: the resuits and tinal al s Spiit spoon 074 F
— Unified soif classification take ed-—
] precedence over the visvat 48.1 avgert
] classification. 2 F
3 The tollowing laboratory tests B | e Split spoon PO
46,61 195 were pertormed as indicated 46.6 50/4
3 below:
-— 140# hammer with 30" drop used
2 Sampie #2: Sieve analysis, in 1.5° standard split spoon
p w=7%X; Atlerberg limits on -40 sampter [t 3/8" 10 x 2" 00) r
3 portion indicate that sample is No water found to bottom of -
g non-plastic hole. L
E Sample #9: Sieve analysis, w=5% E'
ENG FORM 1638 PREVIOUS EDITIONS ARE GBSOLETE. PROJECT . HOLE NUMBER
HaR 71 R10 DE MANATI AT BARCELONETA, P. R. (B8-MB-30
Plave B-G 1
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Hole No.CB-MB-31 .
~ SHEETT]

DRILLING LOG ["Seotn ationtic [ ACSONVILLE DiSTRICT )
CPRSELT < 10, TYPE OF
RIO DE MANATI AT BARCELONETA. P_A. 0. SIZE Ao TYPE OF BIT Sec Remarks
2. LOTATION (Locranates or Statwo N
X=455,966 E, Y=224.981 N -
ACENCY
GEOCONSULT. INC. o -
4 . {AS 2hown on Grawng litle n M -
and fie mmber) " CB-M8-31 disturbed; 13 undisturbed: 0
oy TOTAL MUNBER OF CORE BOXES |
I HIPOLITO GONZALEZ 5. ELEVATION GROUND RATER Not found
. OIRECTION OF HOKE X - =
BDverticat .C3INCLINED -3B Aprii 18 Aprit 1993
7. ELEV/ HRE |
2 OF BUROEN 1L ot “el:e'::vsm m: :t;cs 782X
5. DEPTH DRILLED INVO ROCK O 11, bt :
9. TOTAL DEPTH OF HOLE 19.5 ft. ] ALAN RANDOLPH CRUMLEY
o we ~
ELEV. JOEPTH| = CLASSIFICATION OF MATERIALS S [
] (Description) REC|EQ a::E;‘g,K,?e, Sta
w % |<5 p]
= nZz @
1765 00 i76.5 o
3 SILT, sandy, some limesione L
4 rock iragments {about I size), bl BN Spit spoon |
h white and yefiow with black 175.0 o
p specks throughout, saapied as L
1 h (ML) 2|2 Sofit spoon F
b yelow -
2 173.5 s
3 =1
- black specks throughout sample 94| 3 Spiit spoon I o
3 172.0 E
= {5
B yelow woi 4 Spiit spoon 2 I
3 170.5 2 r
3 =t
e 94} 5 Sphit spoon 0
_- 69.0 LA 4
B black specks throughout sample L2 |
- yelow to end ot boring 88| 6 Spiil spoon . o
- 6.5 5 r
b . - r
] 8417 il spoon L 4
- Note: AN samples recovered 30 Spit sp v °
3 to 50X rock fragments and 166.0
1 appeac to be broken by s |
= sampler. 2|8 Spkt spoon % |
3 645 - w I
3 o I
B 88 i 9 Spiit spoon ©r
1 $63.0 ot
- LA o
3 (TR ] Spkt spoon [ §
= L5 T Is
9 Soils are classified visudlly hSoi [ 3
3 accorgance with the Unitied - s f
E Classification Systen. BN Spkt spoon -
b 160.0 L]
4 Alter the visual classitication [ - .8
b was performed, Atterberg kimits . o en o
—] and water contents were e |- 2 Spfit spoon L.
E obtained trom some of the 158.5 “.r
h samples: the results and final = F
1 Unilied so# classilication take " -
] precedence over the visual “ln Split spoon 3 F
157.0} 19.5 classification. 157.0 24 |
i~ The toflowing 1aboratory tests 140# hammer with 30" drop used 20
3 were perlormed 3s indicated in 15" standard split spoon 8
N Delow. sampler {1 3/8" 10 x 27 00)
- Sample #4: w=I1% ; Atterberg No water found to end of boring. -
4 limits on - 40 portion inthcate
3 that sample is non-plastic
ENG FORK 183D PREVIOUS EDITIONS ARE OBSOLETE. PROJECT . HOLE NUMBER
RIO DE MANAT] AT BARCELONETA, P. R. CB~MB-3!
~ 1. A L7
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GEOCONSULT

X=457151 X = 456,946
¥=228537 ¥=234360
GEOCONSULT

BT, HARD YO MODERATELY HARD, BROXEN
INTOLIMESTONE GRAVEL, SOME SILT; AND
- FINETO MEDIUM SAND,; LICHT YELLOW.:

W0 CRANDE MAMATIBARCELONETA
U.S. CORPS OF ENGINEERS

Plate B-63
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RM-CW-90-258

6252

WORK OROER NO.

DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIYISION LABORATORY
CORPS OF ENGINEEAS, 611 SOUTH COBB DRIVE, MARIETTA, 8A. 30080

Cosfficient of Permeability, X, 10" confeec

jUOGOO'i 0.2 0.3.0.kG5 1 2 3 & 5 10 20 25
ol ] %Eﬂ‘iﬁ"%ed T

1.9000 § Eé» '

. . \\ 2 i %is yrished fdriipads
8000 ~I [ nBfcdted [by [§oTvd Fi#bqrs

1. !x)\

1.7000

1.6000

B

g

135000

-}

K

1.3000 \\
\Ii
1.2000
I\
D
1.1000 -

! UL
0.1 0.2 0.3 0.4OS 3 4 10 20 25
Pressure, p, T/sq £t

Type of Bpecimtz | disturbed Before Test After Test
Dlamd 00 1a.| M| 26 sn. | Vater cantent, v, [ 47 ¢ 1%l 406 $
Overburden Presswre, Po Tfeq g1 | Vold Metio, ¢, 1.994 C2] 1.146
Precansol. Preswure, o T/aq £t | Sevantion, §, 9.4 %|%| 1000 %
Compréseion Index, C. Dry Density, 7, 56.1 1b/n3
R AR A (T T a7

Organic matter.
LL 66 n' £9 Project Rig Manti
LB 2°40.0020n Lab. No. 258/832
hemmrks See gradation curve and |l Area Barceloneta Project
additional information on Boring No. (R_MB-4 Semple Fo.

n

ENG form 2087, (e 6.0-8.5" pete 24 0ct 90

CONSOLIDATION TEST REPORT

)

Hvio enLyious EOITIONS ARE DBIBLLTE

Olake 8-65
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REQ. NO. RM-CW-90-258

W.0. HO. 6252

FAILURE SKETCHES 0.40
0.30]
g
60° =
:)
Snecimen @
failure ©
~>
0.10;
) ’ 171
D CONTROUED STRESS F
I
m CONTROUED STRAIN [ 135 20
AXIAL STRAIM, %
TesTRO. 1
TYPE OF SPECWEN undisturbed
V/ATER CONTENT wl0.2 % % %
g |voouno e 1.934
£ SATURATION Slo7.6 % % % %
DRY DENSITY, L/QU FT Yo 57.2
TIME TO PARURE, N «{12.0
UNCONPINED COMPRESSIVE
STRENGTH, /50 FT 10.26
{unoranen siean sencTH, 1750 FT 5. {0.13
soemmwrcenex rate of strain, %/min s, 0.73 -
WNTTIAL SPECIMEN DIAMETER, ™N D. 1 38
WNITIAL SPECIMEN MEIGHT, IN. H, 3.07
CUSHINCATION Gray, inorganic silt high LL [H), w/ a trace of sand & organic matter
« 66 " 32 In 32 ]‘;_—_24.59—_
remarxs__S€e_gradation and TROITT Rig Mamti
additional information on Lab. No. 258/832
ENG Form 2087. AREA  Barceloneta Project
BORING NO. (B-MB-4 |SAMHE NO
& 6 0.8 5 oA 25 get 90
UNCONFINED COMPRESSION TEST REPORT
E:‘f':::;\ 3659 ey rrremrorons CPRANSLUCENT 2 Cea 1aes T —iesnes PLATE Xi-2
Olate B-L7

2n



CORPS OF ENGINEERS -~ HARIETTA, GEORSIA

SOUTH ATLANTIC DIVISION LABORATORY,
Requisition No. RW-LH-98~238

1.58

fxial Straine 7 LT

. . STRESS, t
DESCRIFTION: GRAY, INORGANIC SILT HIGH 1L (MH), WITH A TRACE OF SAND GND

RESWLTS =
C, tst 8.18
- @, deg 8.0
2 AN 2 ©.98
- 1.88
bt
L3
2
-
. -
-3
& .50
’!
Q9 5 § I g
e e.se 1.82 1.59 2.00 2.5 3.08
Horeal Stress, tsd
1.28 [SPECIMEN NO. i 2 3
UATER v ¥ &9.4 78.& 71.8
1.80 =3 {DRY DEHSITY; pcé S56.F 7.7 U6.3
2 S {saruration. 35,8 99.3 ve.3
Sl = V01D RATIO 1,958 1,911 1.980
< Z [p16METER, 1.38 1.38 1.38
- M HEYSHT, 3.7 3.07 3.07
H MATER CONTENT, %  £9.4 20,4 71.0
k1 °.40 P IDRY DENSITY, pcd  56.9 S52.7 56.3
El& ° = TION, % LB 9.3 96.5
< & V01D RATIO 1.930 1.911 1.988
1< = & 1.38 1.38 1.38
Sl% o - HEISHT, in 3.97 3w 3ew
2 BACK PRESSURE, tst  ©.08 .00 0.00
INIT. EFF. STR., ts¢ ©.25 0.58 1.81
MAX. DEV. STRESS, ts# 8.39 0.41 0.3&
PURE PRESSURE, ts+
TIME TO FAILURE, min. 13 12 15
S 18 15 28| RATE, Z/min. 2.75 8.72 9.87

2.38 8. 35

ORGANIC MATTER.

Li= 66 {PLw 34

[p1= 32 Gaw 2.49 |CONTROLLED STRAIH TEST

TYPE OF SPECIMEN: UNDISTURBED

REMARKS! SEE GRADATION CURVE ON
ENG FORM 2887.

(BORXNG NO.
SAMPLE NO.

CB-MEB-4

DEPTH/ELEY: 6.0-8.5"
LABORATORY: CESAD-EN-FL. DATE 22 OCTOBER 98

ARER : BARCELONETA PROJECT

LAB N, 258832

272

TRIARIAL COMPRESSION TEST _

Platc 8-68




SOUTH ATLANTIC DIVISION LABORATORY, CORPS OF ENGINEERS -~ MARIETTA, GEORGIA

Work Order Wo. 6252

Requisition No. RM-CW-90-258

273

1.50 Test specimen @ fa
° TOTAL EFFECTIVE R RRES ] Enay B
C, ts® ©8.36 2
- 9, deg S.4 36.8 »
o TAN @ 9.8% 8.73
 yea T - -
a
L
4
F-3
(2]
s
o~
& e.58
S el s D
.58 1.808 1.56 2.89 2.50 3.00
- -Total Normal Streas, tsé _
E+fective Normal Stress, tsé¢ ------
.00 SPECIMEN NO. 1 2 3
) HATER CONTENT, %  71.35 &8.4 72.6
2.58 Z[DRY DENSITY, pcf 53.4 S57.2 S54.8
SISATURATION, % 94.4 94.9 94.9
% £ |VOID RATIO 2.930 1,938 2,862
< aee Z [BIAMETER, in 1.38 1.38 1.38
s * HEIBHT, in 3.8 3.68 3.88
g WATER CONTENT, %  &3.5 57.6 $8.2
& PBRY DENSITY, pct 62.8 65.9 65.5
® S ISATURATION, 2 169.0 199,06 100.9
g »{voID RATIO 1.7@9 1,549 1.565
< K [pIaMETER, in 1.33 1.31 1.3®
s i.ee & [FEIGHT, in 2.97 2.94 2.91
H BACK PRESSURE, ts+  5.84 5.04 5.04
o.50 I INIT. EFF. STR., ts+ ©.58 8.76 1.81
s & MaX. DEV. STRESS, ts# 8.90 ©.93 1.0l
fi PORE PRESSURE, -ts+ ©.34 ©.39 ©.76
e 25 el P27l |TIME TO FAILURE, min. 65 98 7@
e S i@ 15 20| RATE, Z/min. .18 8.13 @.11
Axial Strain, % ULT. DEV. STRESS, tsf ©.73 ©.84 ©.8%
DESCRIPTION: GRAY, INGRGANIC SILT HIGH LL CMH>, WITH & TRACE OF SAND AND
ORGANIC MATTER.
Li= 66 |PL= 34 IPI= 32 Gs= 2.49 |CONTROLLED STRAIN TEST
TYPE OF SPECIMEN:UNDISTURBED TYPE OF TEST:R w/pore pressures
BREIECT:RIO MantTy
REMARKS 'SEE GRADATION CURVE aND| ROVECTIRIO MANTI
ADBITIONAL INFORMATION ON ENGllioe..pocoe oiera oooseet
FORM 2087. LAB NO. 258832
BORING NG. CB-MB-4
SAMPLE MO.
DEPTH ELEY 6.0-8.5°
LABORATORY: CESAD-EN-FL DATE 11 OCT, 199@ |
L {pg 1 of 2TRIAXIAL _COMPRESSION TEST
Piate B-64




Hork Order No, 4252

SOUTH ATLANTIC DIVISION LABORATORY, CORPS OF ENSINEERS ~ WARIETTA, SEORGIA’

Requisition No. RM-CW-9@-258

2.5 T I
.2 {
“’ - :
3 &
" 1.5 st
Y
a
& .1 n L
L — - ¢32
LT
g B.S A &
AN -
2> 5=
& 2
5%
2.5 2.5
3 4
2 2
- - H
¥ 15 1.5 £
H Y
" o
5 1 ‘1 §5
L o £8
5 ( 2l [
£ o.5¢ e.5 &
= .
F
= e 8
S% 187 1S5z 282 5% 187 1S% 28%
.50 Stress Path legend: Total... Effective ...
.
[Peak Strenpth Fotal Effective |
2%
o=
1.e8 :tan o 0 ! ‘
- x
»n : B
-~ ;
2
s
o Pl Vi F I I :
2] a.59 1.8 1.56 2.e8 2.50 S.00 3.58
Py tst
PROJECT RIO MANTI
BORING UB~MB-4 SHRMPLE DEPTH/ELEY £.8-8.5°
TYPE OF TESTIR wr/pore pressures LAB NO. 258-832
LABORATORY > CESAD-EN-FL PRGE 202 DATE §1 OCT, 199@
Plate B-70
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6252

WORK ORDER HO.

DEPARTMENT OF THE ARRY, SOUTH ATLANTIC DI¥ISION LABORATORY
CORPS OF ENGINEERS, 611 SOUTH COBB DRIYE, MARIETTA, QA, 30060

RM-CW-90-258

Coefficient of Permeability, K, 10" cm/wec

. 1.6008’1 0.2 0.3 0.kaS5 1 2 3 kS 10 20 25
D —qul ||
1.5000}- i =
'1.4000 b
N
1.3000; L
TN NE
Y T p
J.2000 k
S D N
i.lnnn Tl 18#
T - EmELY
2
1.0000]
edinet Flgoded ithiogghdut: 1<
9000 2.1 [Thimg dqueves | fyrnished| fpg ipags
indicdted by dof ¥d| pymbp1s
i .
;‘ 03 0.2 0.30.405 1 2 3 &5 10 20 25
- - Pressure, D, T/oq £t
pe of Bpeci™2  undisturbed Betore Tost After Test
Diem  3.99 4n.| m 1.25 in, |Weter Camtent, vo| 504  $|%| 416 ¥
Overturden Pressure, Po T/eq fr | VoI8 Batio, o 1.567 ‘2 1.156
Precansol. Pressure, pc T/mq 21 | Beturation, 8, 1000 %*1%1 1000 %
Compreseicn Index, C, . Dry Demstty, 7, 67.5 Ww/nS
Slaalirscacion o sand 3 orarnic. %o ot o * X 30" eafsec
L 62 % 2.78"%" lprogect pio Manti
D.
n 31 10 <0.002mm Lab. No. 258/833
Remarks See gradation curve Ares Barceloneta Project
and additional information on
a 1ana orm o Wo. [B_pPR_13 le Bo. _
ENG Form 2087. 7 c95 mte 11 Oct 90
CONSOLIDATION TEST REPORT

BNG PORK 200

vy SREVIOUS EOITIONS ANE OFBOLETT
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6252

WORK ORDER KO,

BEPARTMENT OF THE ARMY, SOUTH ATLAKTIC BI¥ISION LARDRATORY
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETYA, 84, 30060

RH-CW-90-258

TIME N MINUTES
ZOOOJ 0.2 ’0.5 . 1 2 - 5 - ‘Oi . .20 50 . DO l.m 300 1000 I:ooo
iyl i I 3
I ; -
HIIN ! I
-~ 400 fu T NEEN oL
] Dy g
i L] ” t
N~ I
600 - ~i]
5 f = | ; o
800 it f
< . T
Nh H I
§ ok b =
£ 1000 . = 1
z [ :
31200 | _ ;
] s t
E a5y
N H ;%
¢ . 1400 < . 'I‘
- ‘. i i
Fa N il : ;3
Ak ¥
1N N
1600 A T ’,
¥~ 1
R [T f.0 i
i g T
1300 i =
1 : 1t
NOTE: NUMBERS BESIDE CURVES s : 1
ARE PRESSUBES IN T/5C2 #T. T IR j vt
2000 T THH | i ____4_.____1_..1.4._..___._.11_.__11.' L
[-X] 0.2 0.5 1 2 10 20 30 00 00 500 1000 2000
TIME IN JAINUTES
rmoxcr_ Rig Manti
foic Barceloneta Project Lab. Mo. 258/833
oeeme
sornG 0. (B-MB-13 |sawmeno - 1% 7.58-9.5° oar 1] Oct 90
ENG FORM 2088 "EOWENONS  CONSOUDATION TEST—TIME CURVES  (TRANSLUCENT)

> Gro 1eas 09 mTinses

Piate 876
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NG, 6252
REQ. NO. RM-CW-90-258

\.0.

FAHURE SKETCHES -4
.3
=
14
g
=
g
K
22
H f
8
S
X 1
.'
D CONTROUED STRESS
m CONTROUED STRAN 0 10 s Ed
AXIAL STRARY, %
ST O, 1
ikt undisturk:
WATER CONTENT - 56.2 * *® * ®
g [voumo . 1.563
2 [ curmanon s. 100 n% * % %
oRY DeNsITY, W/CU 1 v 67.7
TIME TO !A‘I.Ill!, N & 8
UNCONFINED Ct
STRENGTH, 1/3Q FT hd 0.28
[ UNDRAINED SHEAR STRENGTH, T/5Q FT £ 0 14
AHSEREXRARR Rate of Strain, %/min| S 0.73
INTIAL SPECIMEN DIAMETER, 1N ) D, 1.38
INITIAL SPECIMEN MEIGHT, IN. H. 3 . 07

cussicanon Gray, fat clay (CH), w.

a trace of sand & orgainc matter.

u 62 In 31

In 31 Jo. 2.78

REMARKS,
additional information on ENG

PROECT  Rig Mt

anti

Lab. No. 258/833

Form 2087 previously reported.

AREA

Barceloneta Project

SOKNG NO. (B_MB-13 SAMPLE NO, -

DEFTH

L5

BATE

7.549.5 - 22 Oct 90

UNCONFINED COMPRESSION TEST REPORT

NG FoRM
3659 v 1is0-20i000,

T o ae

(TRANSLOCENTS o rees or—teeper PLATE 11
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SOUTH ATLANTIC DIVISION LABORATORY, CORPS OF ENGINEERS - MARIETTA, GEORGIA

Requisition No. RM-Chl-9@-258

1.50

RESULTS
T, ts¥ B.27
@, deg B.@
Pe
2 I8N 2 8.88
- 1.08 <
@
3
@
<
-]
o -
5
£
& e.se
i b
2 e B L H 1 H ;] B M ki
[} e.58 1.88 1.58 2.e8 2.58 . 3.08

Normal Stress, tsf

tork Order Ho. 6252

SPECIMEN NO. 1 P
WATER CONTEWT. 71 61.4 61.1 58.8
Z[DRY DENSITY, pc¥  £4.8 &4.3 &5:9
SloaTURATION, 3.3 190, 8 198. 9
@ £ Vo1p Ratio 1.718 1,695 3,635
K ZIDIAMETER, in i.38 1.38 1.3
& HEIGHT, in. zee 3.82 I.es
8 WATER CONTENT, %  &1.4 81.1 58.8
£ @|DRY DENSITY, pct  64.8 &4.3 &5.9
3 S|SATURATION; 7 59.6 189.8 182.8
o %|voIn ReTIO 1.7101.697 3. 635
2 HIDIAMETER, in 1.38 1.38 1.38
= HEIGHT, in 38 3.e8 3.0€
2 BACK PRESSURE, tst  ©.60 ©.068 ©.88
INIT. EFF. STR., ts+ 9.25 8.52 1.81

MA%. DEV. STRESS, ts® 8.5¢ 8.54 6.55

PURE PRESSURE, ts+f

o : o : TIME TO FAILURE, min. 20 16 28

[ [} 1@ 15 28| RATEs Z-min. 8.75 8.74 8.77
| fxial Strain, 2 ULT. DEV. STRESS, tsf ©.54 ©.53 8.35%5
DESCRIPTIGN:GRAY, FAT CLAY (CH), WITH B TRACE OF SAND_AND CRBANIC HOTIER.
LL= 62 |PL= 31 [Pi= 21 [6== 2.78 [CONTROLLED STRAIM TEST _
IYPE OF SPECIMEN:UNDISTURBED [ TYPE OF TEST: @

[P

REMARKS: SEE SRADATION CURVE AN CTIRID MANTZ

ADDITIONAL INFORMRTION ON ENS

AREA? BA TA PRI T
FORM 2287, RCELONE’ BJEC

LAB ND. 2358-833
BORING NO. CB-MB-13
SAMPLE HNO.
DEPTH/ELEY 7.5-9.57
LABORATORY : CESAD-EN~-FL DATE 19 OCT, 1298
TRIAXIAL COMPRESSION TEST

Plate 8-78
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S0UTH ATLANTIC DIVISION LABDRATORY, CORPS OF ENGINEERS ~ MARIETTA, GEORGIA

Hork Order No. 6252

Requisition No. RM-CW-98~258

1.5

5 19 15 28
Axial Strain, 2%

JOTAL EFFECTIVE
C, ts¥ 8.38 a
9, deg 7.6 . 3?2.5
&
i 2.13
= -
n
[
<
L
B
5.
@
=
&
¥
1
i i i S W P
1.e9 1.58 2.89 3.e8
- Total Mormal Stress, ts+ -_—
Effective Normal Stress, tsf --—---
SPECIMEN NO. i 2 3
WATER CONTENT, % 55.8 S6.3 57.8
2.59 o (DRY DENSITY; pct 8.6 67.7 66.6
= ISATURATION: % 182.9 160.0 190.8
- i |VOID RATIO 1.529 1.564 1.486
- 2.00 Z |DIAMETER, in 1.38 1.38 1.38
- o HEISBHT, in 3.88 3.88 3.88
¢ WATER CONTENT, % S58.2 52.8 52.6
5 R [DRY DENSITY, pcd  ?1.6 70.3 70.5
“@  |SATURATION, X 160.9 196.9 190.8
5 ©{VOID RATIO 1,424 1.467 1,462
-] EDIAMETER, in 1.36 1.36 1.35
- HEIBHT, in 3.04 3.84 3.82
E BACK PRESSURE, ts+ 5.84 5.084 5.849
INIT. EFF. STR.: ts+ ©6.58 8.76 1.81
MOX. DEV. STRESS, ts+ 1.97 1.99 31.28@
PORE PRESSURE, ts¥ ©.45 9.46 8.59
TIME TO FAILURE, min. &3 Se g0

RATEs Z-min. 8.99 .11 ©.14
ULT. BEY. STRESS, ts+ 2.9: 8.87

1.95
DESCRIPYIOM:IGRAY FAT CLAY (CHY, WITH A TRACE OF SAND AND ORSAMIC MATTER.

L= 62 [PL= 31 |PI= 31 [Gs= 2.78 |CONTROLLED STRAIN TEST

TYPE OF SPECIMEN:UNDISTURBED

FORM 2887 PREVIQUSLY SUBMITTED.

REMARKS:SEE GRADATION CURVE AND
ADDITIONAL INFORMATION ON ENG|

JTYPE OF TEST:R wspore pressures
(PROJECT: RID MANTI o

ARER: BARCELONETA PROJECT
LAB NO. 258833

BORING NO. CB-MB-13

SAMPLE NO. —

DEPTH/EEEY 7.5-9.5°

LABORATORY: CESAD-EN-FL DATE 17 _OCT, 1996

g1 of 2TRIAXIAL COMPRESSION TEST _

Plate 879
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CORPS OF EHSINEERS ~ HARIETTA, GEORBLA

SOUTH STLANTIC BIVISION LABORATORY,

2.5 2.5
1] ; 2 “
1 - 2
‘-~ :
b4 N
*. 1.5 - 1.5 £§
3 = : : 2+
H N = - ; ie
&, ] S O — T et S -1
P &8
s e &
>
a i -
= 23 - I}
sz 1@% 152 28% s o 1sx e
2.5 2.5
3 4
2 2z
o & H
* 1.5 1.8 %
- o
H e T
& s w @
5 1 = R 1 2%
S51° s pe- s
X B
Sls [ &
e .Skt 8.5 &
415 s :
= > A
-3 o
Ei= 8 8
& sz en 152 2em s% 1@ sz e
-
5 (.50 Stress Path lesend: Total___ Effective ...
Peak Strength Total Efdective
am
o=
1.68 tan %7
.
o
2
8 - 5
& o.50 :
% . 4 i tet B ¥
2 &
3 ® ¥ i H i H I
g ° 2.50 1.00 1.50 280 2.58 3ee ~ 3.5
- Py taf
S I'PROJECTIRIO MANTI
L | BORING CB~MB-13 SAMPLE  ~ DEPTHAELEY 7.5-9.5"
2| TYPE OF TEST:R wspore pressures  LAB NO. 258/833%
3 | LABORATORY: CESAD-EN-FL PAGE 2-2 DATE 17 OCT, 1998
—
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RIO GRANDE DE MANATI € BARCELONETA, P.R. - DPR

APPENDIX C
DESIGN AND COST ESTIMATES

A. INTRODUCTION

1. General. This Appendix presents a discussion of applicable
design considerations and construction methods utilized to
establish a basis for the cost estimates. General requirements for
real estate and operation and maintenance are also presented.

B. DESIG! STRU ()

2. channels.

a. Downstream Pilot Chanpel. A 785 meter length pilot
channel would be constructed east of the town of Barceloneta within
the existing floodway in order to maintain flows in the original
Rio Grande de Manati. The pilot chammel is required because
placement of the east levee adjacent to the town cuts off a portion
of the existing river meander. The pilot channel would be designed
to mimic the hydraulic capacity of the existing river section and
would be constructed with a 15 meter bottom width at a design
invert of elevation ~2.2 meters producing an average channel depth
of 5.6 meters. Channel side slopes would be 1V on 3H, and the
channel would be constructed with a 500 meter (1640 foot) radius to
provide a smooth transition between the adjoining meanders. The
channel would be located sufficiently floodside of the east levee
in order to avoid the need for erosion protection of the levee toe
and slope. Geotechnical assumption is that 50% of the estimated
169,000 cubic yards of excavated material is suitable for levee
construction. Construction of the downstream pilot channel would
likely be the first order of work with all excavated material
hauled to the future recreation site where it would be stockpiled
and sorted based on suitability. Material unsuitable for levee
construction would be used to backfill the adjacent reach of the
original river meander which would be isolated by placement of the
east levee.

b. Upstream Pilot Channel. A 760 meter length pilot
channel would be constructed within the floodway southeast of the
town of Barceloneta in order to maintain flows in the Rio Grande de
Manati. = The pilot channel would be required due to placement of
approximately 450 meters of east levee within the existing
riverbed. The upstream pilot channel would also be designed to
mimic the hydraulic capacity of the existing river section and
would be constructed with a 15 meter bottom width at a design
invert of elevation -1.1 meters producing an average channel depth
of 4.4 meters. Channel side slopes would be 1V on 3H. Predicted
erosive velocities would reguire that bank protection be provided
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along the entire length of the channel side slope adjacent to the
levee. Geotechnical assumption is that 50% of the estimated 87,700
cubic yards of excavated material would be suitable for levee
construction and could be used to construct a portion of the west
levee. The remaining unsuitable material would be used to backfill
the cut-off river meander as described in paragraph 1.

. Interior Draipage Chanpels. A minimal interior
drainage system consisting of four shallow channels would be
constructed on the inside perimeter of the levee system and would
route drainage flows to the two culvert outlet structures. Each
channel would consist of a typical v~section with 1V on 3H side
slopes constructed to an average depth of 1.5 meters below
existing ground. The suitability of material excavated from the
channel vary from O percent useability along the west channel
(Channel 1) to upwards of 70 percent for the eastern channels
(Channel 3 and 4). Material unsuitable for levee construction
would be hauled to the onsite disposal area.

3. Main Ring levee

a. General. The main earth levee protecting the town
of Barceloneta would be constructed to satisfy the hydraulic
requirements associated with the 100-year flood event in the Rio
Grande de Manatli basin. The ring leves would consist of two main
segments (east and west) with a total . .ngth of approximately
5,200 meters and a required embankment volume of about 317,000
cubic yards. Starting at the southeast corner of Barceloneta
facross from HWY 140 @ elevation 9.23 meters(NGVD)], the levee
would basically encircle the developed areas of town to the north
before tieing into high greound again at its southwest terminus
[south of HWY 682 € elevation 6.63 meters(NGVD)]. levee heights
varying between 1.15 and 1.37 meters above design water surface
and geotechnical settlement factors varying from 0.2B to 0.46
meters vwere used incomputing the design and as-built levee crest
elevations respectively. An approximate 100 meter portion of the
west levee segment, starting at the noxrth culvert outlet and
heading west, would be constructed as an overtopping section with
a design elevation of 6.48 meters(NGVD). Also, an approximate
400 meter portion of the east levee segment, starting at the
north culvert outlet and heading east, would be constructed as an
overtopping section with a design elevation of 6.48 meters(NGVD).
Refer to Plate C-1 for a plan view and description of the levee
and its segments.

b. East Segment. The east levee segment would start
at the north culvert outlet, culvert 1. The levee alinement
would then turn southeast crossing Calle Plazuela and HWY 684;
crossing Rio Manati twice; then essentially paralleling HWY 684
until terminating at HWY 140. The length of this segment is .
estimated to be 3000 meters with a required embankment volume of
637,000 cubic vards. The final 450 meters of the levee would be
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constructed mogtly within the existing riverbed in order te aveid
relocating the row of residential structures adjacent to the
river. In general, an attempt has been made to align the levee
closely to the town in order to not infringe on the natural
floodway. The levee would be constructed with 1V on 3H side
slopes, a 4 meter crown width, and to an average height 5.3
meters above natural ground. Approximately eighty-five

percent of the reguired levee f£ill would be obtained from an
offsite borrow area with the balance of material available from
the pilot and interior drainage channel excavations. Minimum
berm separation between the levee toe and top of bank for the
interior drainage channel would be 4.6 meters (15 feet). The
berm width increases to 7.6 meters (25 feet) for the upstream
pilot channel. A geotechnical overbuild factor of 0.28 meters
(11 inches) has been applied to the design levee section in order
to account for post construction settlement.

c. West Segqment. The west segment begins at the
north outlet culvert structure and extends along the west
perimeter of proposed development for the town of Barceloneta.
Final tie to high ground would be approximately 30 meters south
of HWY 682 amidst a row of houses. Alignment of the levee across
HWY 681 would be determined by the minimum westward offset
required to provide a safe rampdown of HWY 681 prior to reaching
the ninety degree turn onto the north-south segment of the
highway. Total length of the segment is estimated at 2000 meters
with a required embankment volume of 280,000 cubic yards. The
levee would be built with 1V on 3.5H side slopes, with a 4 meter
crown width, and to an average height 5.5 meters above natural
ground. It is assumed that all (1003) of the required levee fill
would be obtained from an offsite borrow area. Minimum berm
separation between the levee toe and the top of bank for the
interior drainage chamnel would be 6.1 meters (20 feet). A
geotechnical overbuild factor of 0.46 meters (1.5 feet) has been
applied to the design levee section in order to account for post
construction settlement.

4. Drainage Culvert Structures. Culverts would be placed at four
different locations within the project area. Culverts 1 and 2
would be sets of flap-gated culverts placed within existing
channels in oxrder to facilitate interior drainage through the
levee and out of the protected area. <Culvert 1A and 2B would be
individual open-end culverts placed within the proposed interior
drainage channels in order to convey flows beneath road
embankments. Designs and costs for the flap-gated culverts are
based on CMP barrels with bituminous coating. Tie down straps
may be reguired due to head differentials across the culvert.
For Culverts 1 and 2 only, riprap and bedding stone would ke
placed along the embankment face about the barrels and for about
3 meters along the approach channels and 6 meters along the
discharge channels. .
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5. Bank Protection. Bank protection would be provided along
areas of the channel and levee alignments where erosive
velocities are predicted. As discussed above, the primary use of
erosion protection would be along the channel side slope and
adjacent levee face associated with the upstream pilot channel
reach. Riprap would also be utilized as standard practice in
protecting the intake and discharge areas for: the proposed
culvert structures. Geotechnical design specifies blanket
thicknesses of 0.46 meters (18 inches) and 0.23 meters (9 inches)
respectively for the riprap and filter stone layers.

6. OW_a sposa eas.

Borrow Area. An existing borrow area owned by the
Puerto Rico Land Authority located west of Barceloneta in the
Garrochales area is proposed as the primary source of project
borrow (see Appendix B for location). Due to the relatively poor
quality of material obtained from onsite excavations, it is
estimated that approximately 880,000 cubic yards of material
(including road ewbankments) would be required from offsite
borrow. An additional borrow area (Site 2) currently in use has
been located between Barceloneta and Garrochales and would be
us:d, if necessary, to supplement the existing borrow area
(site 1).

b. pisposa)l Area. A 6.8 acre corridor approximately
30 meters wide and 900 meters in length parallel and floodside of
the west levee is proposed as the onsite disposal area. The
disposal area extends from approximately west levee Sta. 10+00 to
19+00 and will accommodate a minimum 50,000 cubic yards of
material when placed in adjacent and gapped pile configuration.
Increased capacity within the area is possible if Geotechnical
Branch determines later that .the disposal material is suitable
for overbuilding the floodside levee slope.

C. . RELOCATIONS

7. General. The project sponsor would be required to assume the
costs for all relocations and alterations. The recommended plan
presented in this report would require the relocation of five
roads as discussed in the following paragraphs. Any relocation
of utilities, electric transmission lines, or telephone lines
would be the responsibility of the local sponsor. For cost
estimating purposes, the number and type of utilities relocations
have been identified by preliminary field investigation. More
detailed survey information and coordination with the project
sponsor and utility owners would be required prior to
construction.
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8. Highway Bridges. The recommended plan will not require the
removal and/or replacement of any existing highway bridges.

9. Road Relocations.

a. Public Roads. Road modifications would be
designed in accordance with the Department of Transportation and
Public Works Highway Design Manual. Designs and costs for the
road rampings were based on providing vertical grade transitions
dictated by speed and geonetric parameters necessary to maintain
safe stopping distances. Road relocations would consist of
raising and ramping four local roads where the proposed ring
levee crosses these routes. The locations of the crossings are
indicated on Plate C-1. A design speed of 40 miles per hour
(MPH) was used for HWY 684, 35 MPH for HWY €81, and 25 MPH for
the HWY 682 and HWY 140 crossings. Grade transitions for all the
rampings are a maximum 6§ percent. Maintaining traffic flow during
construction will be accomplished by several methods. A
temporary paved bypass road is proposed to pass traffic around
the HWY 681 and HWY 140 ramping locations. cConstruction of the
HWY 140 bypass road will be hampered by adjacent residences (west
side) and the proximity of the river (east side). It is
anticipated that additional fill extending into the river bed or
perhaps a widening of the levee crest at this location will be
necessary in order to build the bypass road. .Shifting the East
Levee tie point approximately 80 meters southward should also be
considered since the HWY 140 embankment does eventually reach an
elevation greater than the 100-year levee crest (elevation 9.27
meters). In order to not impact residential structures adjacent
to the existing alinements, offset ali ts are prop d for
the HWY 684 and HWY 682 rampings. However, the existing
alinements will remain intact and serve both as temporary bypass
routes during construction and as permanent non-thru access
{blocked by levee) to the residences after comstruction.

b. Pprivate Roads, Placement of the East Lavee will
prevent vehicular access to two tracts of farmland east of the
levee and within the floodplain. To maintain access, one private
fare road at spproximately levee STA 22+50 will have to be
over the levee. The ramp will be designed so that the floodside
portion of the ramp is constructed mostly parallel to the levee
centerline so that extension into the floodway is minimized. The
ramp will be unpaved, with a 5 meter top width and 1V on 3H
embankment slope, and designed for a maximum 20 MPH and maximum 8
percent vertical grade. Placement of the downstream pilot
channel will eliminate access from the east to the large tract of
farmlands located between the east levee and the pilot channel.
Continued access to thesé lands will be provided by constructing
a private river crossing adjacent to the East Levee at
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approximately STA 19+50. The crossing will be designed as a
earthen berm extension to the existing levee and will be
constructed at elevation 3.5 meters, with a 7.5 meter crest
width, and a 1V on 5H side slope extending to the river bottom.
The span length across the river will be approximately 40 meters.
The crossing will be unpaved and guardrail will be placed along
the outer edge to protect traffic from entering the river.

10. Buildings. Based on available topographic and aerial survey
data, it is estimated that two residential structures at the
southwest levee juncture would need to be relocated in order to
construct the project. More detailed surveys would be needed at
the levee start and end junctures with high ground to determine
the actual number of structures that would be impacted by levee
construction. Ramping of HWY 684 over the East Levee would also
impact the several adjacent residences north of Calle Plazuela.
These residences, however, would already qualify for relocation
because the with-project stages in their area would be higher
than the existing with-out project stages by 1 foot or greater.

11. Utilities. All utilities located within the area of project
construction would require either temporary or permanent
relocation. These utilities include overhead electric and
telephone lines and poles identified at four separate locations
where they cross the proposed levees. Lump sum cost estimates
for each of the above relocations are included in the project
cost summary. The cost estimates assume that two replacement
poles and reconnection of lines would be required at each
location. Further delineation of these and additional utilities,
if any, will be determined by future topographic surveys and site
visits.

12. i .. The placement of the east levee and
filling of the cut-off river meander along the eastern edge of
town would require the relocation of an existing public boat
ramp. The boat ramp will be relocated to the river reach just
downstream of Culvert 2 but prior to the juncture with the pilot
channel. Design of the new ramp will closely adhere to the
existing facility and will include an unpaved ramp (approximately
1V on 4H grade), a concrete slab apron at the foot of the ramp
depending on bottom conditions and an improved (but unpaved)
access road leading from PR 684. A parking lot will not be
provided but vehicular parking can be accommodated along the
access road right-of-way.
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D. OFERATIONS ARD MAINTENANCE

13. General. The project sponsor would be responsible for
operation and maintenance of the improvements and features
proposed in this report upon completion of the construction
project. The contractor would be responsible for all maintenance
during the construction contract. Operation and maintenance of
the project facilities would be performed in accordance with
instructions prepared and incorporated in the “Operation and
‘Maintenance Manual® which would be furnished to the project
SPONSor.

E. COST ESTIMAIES

14. general. The. estimate of first cost for construction of "the
recommended: plan, including guantities, unit costs, contingencies
and reasons for contingencies is presented in Table C-1.
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RIO GRANDE DE MANATI AT BARCELONETA
DETAILED PROJECT REPORT
ECONDMIC APPENDIX

I. INTRODUCTION
A. General

The Rio Grande de Manati Detailed Project Report is being conducted
under Section 205, of the Flood Control Act of 1948, as amended. The study was
requested by the Puerto Rico Department of Natural Resources, the Tocal sponsor,
in a letter dated September 11, 1%86.

This appendix describes the social and economic conditions pertaining
to the detailed Rio Grande de Manatf study area and provides economic and
demographic information useful in describing and analyzing the resources within
that area, within the Municipality of Barceloneta, and with respect to
formulation and evaluation of flood control plans. A description of the
estimated flood damages induced by the river under existing and future
conditions, as well as the benefits to be derived from the implementation of
alternative flood control plans for the area are discussed.

8. Socioecenomic Profile

The study area of this report is the town of Barceloneta, the main
urban area of the Municipality of Barceloneta, which is located in the northern
part of Puerto Rico some 34 miles west of San Juan. With an area of about 24
square miles, the Nunicipality of Barceloneta is one of the smallest in Puerto
Rico, and so is the town with an estimated population of 5,000. Most of the
town, however, is in the flood plain and is subject to frequent and iarge floods.
The economic base of the municipality revolves around a strong and growing
manufacturing sector which is denominated by one of the largest concentrations
of pharmaceutical plants in the world. MNevertheless, as the figures below
indicate, the municipality shows an index of economic growth Tower than that of
the island as a whole:

index of Economic Growth
1985 1990 % Changes

Barceloneta 125.0 140.0 12.5

Puerto Rico 127.0  146.0 15.0
1. Population. According to the 1990 Census figures, the population
of the Municipality of Barceloneta grew in about 11 percent or to 20,947 persons
as compared to the 18,942 inhabitants in 1980. However, as Figure D-1 shows, the
1990 population was about the same as in 1970, and for the study area or the town
it practically has remained the same during the past twenty years. It is only

during the past few years that new residential developments are occurring in the
urban part of the town probably reflecting growing job opportunities and the
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substantial improvement in accessibility of the town resulting from the
construction of the new toil highway connecting San Juan with the city of Arecibo
and only a few miles south of the town of Barceloneta.

Table D-1 shows the 1990 distribution of population by age group.
Median age for the population was estimated at 2930 About 27.8 percent of the
population is 19 years of age or younger, 1.9 perceni is between 20 and 64 years
old, and 10.3 percent is 65 years and older.

2. Labor force and emplovment. In 1990 there were in the municipaiity
15,019 persons 16 years of age and older. Of this, some 45.1 percent or 6,781
were in the Jlabor force. The number of employed persons reached 4,833.
Therefore, the unempioyment rate was about 29 percent. Tabie D-2 shows the
distribution of the labor force by principal economic sector. Most of the
employed persons of the municipality concentrated in activities relating to
manufacturing, commerce, professional and related services, and government. When
figures in YTable D-2 were compared with those relating to total job opportunities
in the municipality as shown in Figure D-2, it can be seen that a substantial
number of employees in the municipality are from other municipality. This is
particulariy true for the manufacturing sector. Tabie D-3 shows the distribution
of the empioyed people by principal occupational categories. About 1,900 are
within the managerial and professional occupation. This includes executive,
administrative, as well as technical and sales people in the different econemic
sectors. Some 1,542 are classified as operators and laborers. Most of these are
in the manufacturing activity. There are 638 persons in services occupations and
another 657 in activities relating to precision production, craft, and repair
occupation. There are oniy 95 employees in farming and related activities.

3. Manufacturing. This sector is the most important for Barceloneta’s
gconomy comprising abaut 72 percent of its total employment. According to the
1980 ,17 manufacturing plants in the pharmaceutical and

high technology and traditionai products are operating in the municipality. The
manufacturing activity is concentrated in the production of:

Chemi¢als and allied products

Measuring, analyzing and controiling instruments

Apparel

tlectronic and other electrical equipment and components,
except computer equipment

- Stone, clay, glass, and concrete products

- Food and kindred products

- Textile mill products

vt

Some companies with facilities in the municipality include Sharp
‘& Dohme; Pfizer; Abbot, Inc., Bristol Myers and Eastman Kodak. In the town of
Barceloneta the structures where the plants are located are mostly owned by the
government and rented through the Pusrto Rico Industrial Development Company
(PRIDCO), one of the prime movers of industrial development in the isliand.
total of 14 structures are located in the industrial park.
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TABLE D-1

RIO GRANDE DE NANATI DETAILED PROJECT REPORT
1990 POPULATION DISTRIBUTION BY AGE GROUP

AGE NUNBER PERCENTAGE
Less than 5 1,732 8.3
5-9 1,799 , 8.6
10-14 1,969 9.4
15-19 1,997 9.5
20-24 ‘ 1,357 8.4
25-44 5,717 27.3
45-54 2,219 10.4
55-59 852 4.1
60-64 741 3.5
65 and more . 2,164 10.3

Hedian Age: 29 years
Source: 1990 Census of Population and Housing for Puerto Ri-~.
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TABLE D-2

RI0 GRANDE DE HANATI DETAILED PROJECT REPORT
1990 DISTRIBUTION OF ENPLOYED PEOPLE
BY NAJOR ECONOMIC SECTOR

I{lDtIfTRY El!flﬂfllfﬂ!’ PERCENTAGE
Agriculture and Related 305 2.1
Construction ' . 608 12.0
KNanufacturing 1,54 36.7
Transportation, Comunications 218 4.3
and Public Utitities :

Commarce ' 778 5.5
Finance, Insurance, and Rexl Estate 219 4.4
Business and Repair Services I 2.7
Personal Services B X .9
Entertainment and Related Services . 26 4
Proffessional and Reidted Services Co73 .5
Public Administration 633 . 12.6
Total 3:&5& ’ i&’:&

Source: 1990 Cens:xs of Population and Housing for Puerte Rico.
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EMPLOYMENT BY SECTOR IN BARCELONETA

All other 13%
1189

Govermment 8%
738
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441 nufactring 1%

Trade ¥ .
243

December 1990

Employment data belongs to employers covered by the Employment Security Law.
About 97% of the labor force is covered by this law.

FIGURE D-2
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TABLE D-3

RIO GRANDE DE MANATI DETAILED PROJECT REPORT
1990 DISTRIBUTION OF ENPLOYED PEOPLE
BY MAJOR OCCUPATIONAL GROUP

OCCUPATIONAL CATEGORY NUMBER OF EMPLOYEES PERCENTAGE
Managerial and Professional 1,901 37.8
Service Occupations 638 12.7
Farwing and Related 95 ’ 1.9
Precision Production 657 13.0
Operators and Laborers 1,542 30.6
Others 200 4.0
Total . 5,033 100.0

Source: 1990 Census of Population and Housing for Puerto Rice.
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’ 4. Trade. According to the 1990 County Business Patterns there are
189 retail and 29 wholesale commercial establishments in the municipality with

an estimated payroll of $1.6 million annually.

5. [Education. In terms of education, according to the 1990 Population
Census, there are 225 children of 3 years old and over were enrolled on pre-
schog}]insti—tutions; 2,752 in elementary schools; 1,367 in high schools; and 831
in college. ’

6. Housing. In 1990 the total housing units in Barceloneta were 6,406
of which 79 percent (5,061) were owner-occupied. This represents a 5 percent
rate of increase in the decade. The estimated number of owner and renter-
occupied units in 1980 were 4,340 and 404, respectively.

Another- characteristic of the housing stock is that 94 percent
of the total housing inventory in 1980 was considered adequate housing, as
classified by the U. S. Census of Housing. This substantial number of standard
units is due mainly to federal policies and grant programs which gave priority
to urban renewal of existing housing. Removail of substandard urban-pocket zones
and major renovation of the urban center is observed in spite of the flooding
problem. Estimates for 1990 sustain this trend.

The 6,046 total housing units were occupied with an average of 3.3
persons per unit, a downward trend since the 1980‘s which was 3.66. Projections
by the Puerto Rico Department of Housing and the Puerto Rico Planning Board show
that the trend will continue to decline. This may be in part because the problem
of overcrowding in existing housirg units has been reduced. The percentage of
units with more than one person per room fell from 17.9 percent of the occupied
inventory in 1980 to 12.6 percent in 1990. Single family housing makes up to 85
percent of the housing inventory, while attached structures and apartments
increased in 10 percent during the decade.

According to the Puerto Rico Department of Housing, Comprehensive
Housing Affordability Strategy Report (1992-1996), the existing need for housing
in Barceloneta is estimated at 608 units; when future demand is taken into
consideration this figure reaches over 2,600 by the year 2010,

7. Income distribution and poverty. Table D-4 shows the 1990
distribution of household by income groups. There were 1,079 families with
annual income less than $1,999, while there were 188 families with annual income
of $40,000 or more. Median household income was estimated at $7,173. About 62
percent of the household had annual income below the poverty level. Most of the
households are recipients of the food stamps program.

8. Infrastructure. Public utilities for power and domestic water
supply provide the necessary services to the area.

The transportation network between Barceloneta and the other
municipalities in the north coast, is being improved with the construction of the
final segment of toll Highway 22. This new highway, located only a few miles
south of the study area, will be an expressway between San Juan city and the
municipalities in the north coast.
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TABLE=D-4

RIO GRANDE DE MANATI DETAILED PROJECT REPORT
1990 DISTRIBUTION OF HOUSEHOLDS BY INCOME GROUP

INCONE GROUP NUNBER
Less than 1,993 1,079
2,000 to 3,999 1,007
4,000 to 7,499 ' 1,413
7,500 to 9,999 659
10,000 to 14,999 931
15,000 to 19,999 585
20,000 to 29,999 o 473
© 30,000 to 39,999 209
40,000 to 49,9099 130
50,000 to 59,999 24
60,000 to 74,999 34
75,000 or more 0

Source: 1990 Census of Population and Housing for Puerto Rice.
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Land use and availability without project conditions. One of the

9.
most important elements in the development of the municipality is the
availability and value of land, most specially flood-free land. This resource
is limited and there is a highly competitive demand for its use by the
residential, commercial, institutional and agricultufal sectors: The growth of
trferho%sing sector and housing market is one of the most affected by the scarcity
of land, :

In order to balance and meet the future urban expansion, the Puerto
Rico Planning Board adopted an Urban Expansion Plan for the municipality in 1978
and revised it during 1990. The plan includes proposed vacant lands for future
urban development mostly located to the south of the town and to the west of
Highway 681 near the industrial park zone. However, the present pressure for
expansion has been very high due to the location of 17 industries in Barceloneta
and high return migration from the mainland. This situation has pressed the
administration of the municipal government to acquire and begin developing some
of the land for housing use since the need is high in the community. During
1989-1991 the Villa Barcelona I development was completed. This is a middle-low
cost housing consisting of 89 units. During 1992-1993 an additional tract of
land on the west side of the Villa Barcelona I was also acquired. This consists
of approximately 10 acres of land acquired by the municipality to develop Villa
Barcelona II, an expansion of 236 lots and housing units. This expansion is
occurring at vacant lands and invaolves costly site preparation. Therefore, it
is_expected that the PRPB adopts and implements an aggressive densification
policy to provide for future population requirements of land.

C. Detailed Study Area Characteristics

The detailed study area includes Plazuela Ward, a residential area
consisting of 45 housing units, 32 concrete and 13 wood. Structure values
deviate from $14,000 to $27,000. Average content was estimated at $4,235. The
urban core includes the northern sector which has residential developments and
schools; the southern part which has 63 commercial retail and miscellaneous sales
stores, financial institutions, public and nonprofit facilities. Municipal
government and commercial areas are also located in this zone.

The Catalufia zone is mostly of residential development, whereas the
Catalana ward has a mix of housing, commercial, and financial uses. The Palmas
Altas ward, west of the central business zone, is dedicated to the industrial
park.

There are 914 residential units which are flooded by the Rio Manati
with the 100-year and SPF flood frequencies. Average structure value is
estimated at $31,000 and $9,700 for contents.

Commercial, public, industrial and other uses amount to 168 additional

buildings, which complete the inventory of property subject to flcoding of 1,082
structures.
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11. FLOOD DAMAGE ANALYSIS
A. General

This section provides a description of damage reaches and zones of the
property subject to flooding, values of property, ahd depth-damage relationships
used to calculate flood damage estimates. Potential flood damages and damage
gstgﬂgtgs for the alternative fiood control plans under consideration-are alse
inciuded.

The inventory of property subject to flooding was conducted through
field visits using flood maps for existing conditions developed as part of this
study.

B. Damage Reaches and Zones

Since the topographical differences of the study area, as you shift
outwards from the main stream are minimal, only one damage reach was defined in
the study area as described below.

Reach 1. Includes the detailed study area that lies in the western
margin of the Rio Grande de Manati. The reach was further subdivided into eight
(8) zones to facilitate incremental analysis for economic evaluation. This reach
extends from the mouth of Rio Grande de Manati to the south of the urban core of
the town of Barceloneta.

The zones from 1 to 8 are shown on Table D-5.

The damage zones are also shown on Plate D-1 and facilitate to account
for differences in topography, property, and flooding levels.

C. Inventory of Property Subject to Fiooding

For purposes,of this analysis, property subject to flooding was grouped
in seven land use categories. These are: residential, commercial, public,
nonprofit organization facilities, industrial, utilities, and highways and
streets. The following paragraphs describe the property subject to flooding and
land use categories.

1. PResidéntial. A total of 914 residential structures in the study
area are subject to flooding by the 100-year flood frequency. They include 45
units in Plazuela Ward, 244 in the urban core (north and south), and 169 in
Catalufia. In the Catalana sector there are 131 and 88 single family units in the
Villa Barcelona I residential development. The second phase of Villa Barcelona
11, is a residential development to be constructed during 1994. It was
considered in the inventory included for Tabie D-6 that shows their distribution
by flood freguency.

Most of the residential structures affected consist of reinforced
concrete, one-family housing units. There are some scattered units built of
mixed concrete and some wood-frame materials, mostly in Plazuela ward. Average
size of structure varies from 600 square feet to 1,500 square feet.
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TABLE D-5

RIO GRANDE DE MANATI DETAILED PROJECT REPORT
REACHES AND ZOKES FOR ECONOMIC ANALYSIS

ZONE DESCRIPTION
~ Total Urban Study Area
Plazuela Ward
Urban Core North
Industrial Zone West of Urban Zone
Urban Core South

Catalufia Residential Development

P Y TP IPRPY

Catalana Residential Development
and Catalana Ward

Villa Barcelona I
8 Villa Barcelona 11

ol
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2. Commercial. A tota! of 91 commercial establishments within the
study area are affected by the 30-year flood. The historical depth-damage
relationships developed at the Antilles Office considers eight different
categories as commercial activity. Businesses were grouped on the basis of the
type of transaction performed, the merchandise or lervices offered, -and the
similarities in the display of contents. Only four of these categories are
present in the Rio Grande de Manati study area. These are described as follows:

Commercial category 1. Professional services offices, general
merchandise outlets, misceilaneous retail stores, auto parts stores, sporting
goods stores, drug stores, electrical equipment stores, food stores, auto,
services outlets, and apparel and accessories stores. :

Commercial category 3. Eating and drinking places, repair services
outlets, and small building materials outlets.

Commercial category 6. Finance institutions and real estate

offices.

Commercial category 7. Warehouses.

Table D-7 shows the number of commercial establishments affected
by flooding by reach and commercial category and ‘a brief description of the
establishments.

3. Public. The public category comprises all facilities operated by
the Commonwealth and municipal governments within the study area. Those affected
by ten years and lower recurrence frequency floods are shown on Tabie D-8 by
reach and zone.

4. Industrial. An industrial site consisting of 14 structures subject
to]f"looding are established in the study area. The major ones are described
below:

a. General Instruyments P, R. Corp. Manufacturers of TV signal
descramblers or video cipher renewable security modules produced to prevent
illegal alteration of video transmissions between earth stations and satellites.

b. Playtex Corp. Apparel manufacturing with vertically integrated

and technologically advanced facilities that produces women undergarments and
ship these to the mainland.
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TABLE D-7

RI0 GRANDE DE MANATI DETAILED PROJECT REPORT
INVEXTORY OF COMMERCIAL PROPERTY SUBJECT TO FLOODING

COMMERTIAL TYPE OF . ZONES: TOTAL

CAVEGORY

2 Besuty Parlors

[ Coomercial Banks

~
-
~
w
o

ESTABLISHMENT 1 BASIN

w

Apparell Stores

Nedical Doctors Offices
food Stores

Gakeries

Professional Offices
Miscellaneous Retafl Stores
Cold Storage (frigorifico)
Horse Racing Agency

Jewelry Stores

Auto Tires Stores k]
Gas Stations
Photography Lsboratories
Auto Parts Stores

Sports Goods Shops
Liquor Stores

Clinical Laboratories
Orup Stores

Gift shop

Mo el NN -
"R §
-t “w
- -
- -

P A
MBS DD G AN AN SN TN D N

3
[
w
8

TOTAL COMMERCIAL CATEGORY 1 15

Trave!l Agencles
funeral Homes

Laundries 1
Barber Shopé .

PP PN
PP PR

o
-
-

TOTAL COMKERCIAL CATEGORY 2

Restaurants
Taverns(Bars)

1.V. Repsir Shops
Auto Mechanics Shops
Harduare Stores 2

”~ o

-
-

N s

]

TOTAL COMMERCIAL CATEGORY 3 10 9 2 &

N

Financial Institutions 2

TOTAL COMMERCIAL CATEGORY & 3 3

TOTAL BASIK 25 4“8 10 8 91

TOTAL COMMERCIAL ESTABLISHMENTS 91
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TABLE D-8

RI0 GRANDE DE MANATI DETAILED PROJECT RERORT
- PUBLIC FACILITIES AFFECTED BY FLOODS

REACH  ZONE FACILITY DESCRIPTION

1 1 DEPARTHENT OF PUBLIC WORKS ;HUNICIPAL)
ﬂ% ‘I’ngdTIVE OFFICES

AUTONOTIVE SHOP

CONRUNITY CENTER F;DAVILA FREYTES HOUSING PROJECT)
ADNINISTRATIVE OFFICES gDAVIM FREYTES HOUSING PROJECT)
CONNUNITY CENTER ‘“LAZUELA HOUSING PROJECT)
PUERTO RICO TELEF HE CO
JUSTICE DEPARTMEN:
leAD START FACILITI 5

R DEPARTMENT FACILITIES

3 STATE POLICE FACILITIES

NUNICIPAL GOVERNMENT FIELD OFFICES
ATHLETIC PARK FACILITIES

4 ELEMENTARY SCHOOL (4 BUILDINGS)
FIRE DEPARTMENT FACILITIES
HUNI CIPA® BAND AUDITORIUH
UBLIC PARKING BUILDIN
I ERNEDIATE PUBLIC SCHODL (7 BUILDINGS)
SPORTS COURT BUILDIN
ELECTRIC POWER AUTHDRITY LOCAL OFFICE
PUBLIC HIGH SCHOOL (7 BUILDINGS)

CITY HALL
PUBLIC HEALTH DEPARTHENT FACILITIES
5 U.S. POST OFFICE F TLITIES
TOTAL PUBLIC FACIL  ES AFFECTED BY FLOODING: 54
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The occupancy and total structures area follows:

Total Area
Industry {Sq. Ft.)

General Instruments PR, Inc. 39,901 |
General Instruments PR, Imc. 5,460
Playtex Barceloneta Corp. 11,263
Playtex Barceloneta . 1L31
Playtex Barceloneta 10,740
General Instruments PR, Inc. 12,604
General Instruments PR, Inc. 11,141
General Instruments PR, Inc. 12.642
TOTAL 122,724

Above described industries are labor intensive category industries.
The municipality of Barceloneta actually leases one of the buildings and another
was sold to Playtex Corp., while the remaining 4 are projected to be leased
within the next two years.

5. Utilities. Included in this category are a substation of the
Puerto Rico. Electric Power Authority, and a major pumping station of the Puerto
Rico Aqueduct and Sewage Authority. This category also includes the water,
telephone, sewage, and electric lines and meters within the flood plain. Ko
detailed data are available on the number of such facilities.

. Nonprofit organizatijops. This category comprises five churches,
. one fraternity house, three religious facilities, a nonprofit credit union, and
a political party structure.

7. Highways and streets. This category includes ail sidewalks, roads,
highways, and streets in the flood plain area. Kilometers of affected streets
and highways by flooding were measured from flooded area maps developed for this
study. Table D-9 shows kilometers of streets and highways by reach and flood
frequency. Approximately 18 kilometers are affected by the SPF.

D. Assessment of Property Values

1. Structural values. Structure sizes and content values for all
facilities within the flood plain were assessed through field visits and by
comparison with previous study areas. Structure values for all Tand uses were
determined on information gathered from the Rio Puerto Nuevo Economic Update
(Jacksonville District, 1990) and were based on an appraisal of the structures
and comparable data available from various sources. Value of land was not
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TABLEJD-9-

RIO GRANDE DE MANATI DETAILED PROJECT REPORT
KILOMETERS OF HIGHWAYS AND STREETS AFFECTED 8Y FLOODS

EXCEEDANCE FREQUENCY HIGHWAYS ~ STREETS TOTAL
(YEARS)

2.2 10.1 12.2

10 2.6 10.1 12.6

2 3.5 4.6 18.1

50 3.5 14.6 18.1

100 3.5 14.6 18.1

200(SPF) 3.5 1.6 18.1
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included in the economic analysis. All prices are at 1993 price levels and
reflect the assessment of property values, replacement costs of structures after
allowing for depreciation, and contents subject to flooding.

2. Residential. Residential content values were determined through
a field survey of the study area completed in 1992 and updated in first quarter
of 1993. A sample consisting of 100 households was selected to investigate the
average value of residential contents for the area. Homogeneity of structures
in each development allowed for the use of average figures to estimate total
content values. Experience in other studies performed has shown that content
values do not vary significantly for similar type of developments throughout
Puerto Rico. Table D-10 shows average structure and content values for
residential developments.

3. Other land uses. Structure values for commercial, public,
utilities, and industrial land uses were based on field visits and assessments
and on the data obtained from the property owners. These data were checked with
comparabie data in the Rio Grande de Loiza, Rio Grande de Arecibo, and Rio Puerto
Nuevo to establish its validity. A professional appraiser was contracted by the
Real Estate Division to estimate the value of real property along the Rio Puerto
Nuevo study area. Content values indicate actual estimates obtained through a
field investigation conducted on a 100 percent of the commercial establishments
within the study area. A similar approach was followed for other land use
categories within the flood plain. Table D-11 shows structures and content
values for land uses other than residential affected by the SPF.

Yalues for utilities only inciude the value of structure and
contents for major utilities in the flood plain. They do not inciude the value
of meters and distribution 1ines in the flood plain which could not be estimated
due to the compiexity, diversity, and number of such facilities. Repair and
maintenance costs for highways and streets were obtained from the Puerto Rico
Department of Public Works, Highways Maintenance Division. Only a percentage of
those costs was used in estimating damages to streets and highways based on the
depth of flood.

4. Other property {externa main structure). This property refers
to lawns, yards, parking areas, fences, automobiles, and other facilities outside
the main structures. Values for this property were obtained through field visits
and were integrated with the various land uses.

£. Depth-Damage Relationships

Depth-damage relationships for the residential, commercial, and public
land uses developed for the Rio Puerto Nuevo Survey Report (Jacksonville
District, 1984) and the Rio Cibuco Detailed Project Report (Jacksonville, 1982},
were utilized to estimate flood damages for existing development. Damage curves
were developed using historical data on flood damages throughout the island.

Depth-damage curves on a percentage basis were developed- for the
residential and commercial land uses and for public schools. Available
historical damage data for comparable areas throughout the island allowed the
establishment of relationships between depth of water and percentage damage
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TABLED-11

RIO GRANDE DE MANATI DETAILED PROJECT REPORT
STRUCTURE AND' CONTENTS VALUES FOR USES OTHER THaN RESIDENTIAL
($1000 OF 1993)

LAND USE

NO. OF STRUCTURES CONTENTS

STRUCTURES VALUE VALUE

COMNERCIAL (3] 3,583 2,772
pUBLIC 84 3,925 " 1,499

NON-PROFIT 11 437 141
INDUSTRIAL 14 3,001 12,437
TOTAL 170 10,916 16,849
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potential to structure and contents for residential, commercial, and school
facilities. Such data were not available for some Tand uses and the depth-damage
relationships were established on an absolute basis from information provided by
representatives of those land uses.

1. Residential. To determine the damage susteptibility of residential
structures, the actual damages to 250 comparable structures throughout Puerto
Rico during the floods of Eloise (1975) were analyzed. The data was obtained
from the Damage Survey Reports (DSR) of the Federal Disaster Assistance
Administration known today as the Federal Emergency Management Agency (FEMA).
Restoration of damages was executed under the Minimum Repair Program of that
agency. For each residential structure the cost of replacing or repairing the
structural damages was divided by the total estimated value of the structure.
A minimum-least-squares curve of the percentages of structural damages reilated
to the depth of water was fitted to the data. The curve was used to determine
structural damages to all residential structures within the flood plain. Most
of the structural damages are to the following categories: electric system,
plumbing system, windows, doors, air conditioning units, water heaters, Kitchen
cabinets, built-in stoves and ovens, bathroom fixtures, wall-to-wall carpeting,
paint, and other furnishings. The foundations and the structures do not suffer
significant damages because they are primarily buiit of reinforced concrete.
These are affected mostly in areas near the river banks where velocities are
significant. Due to lack of data, relationships between velocities and damage
potential could not be developed and were not considered. To determine
residential content damage susceptibility, actual damages to content in 30
residential structures in the Puerto Nuevo area during the 1977 flood were
analyzed. These data were obtained from the Small Business Administration
records on disaster loans to residents in the area and from records of flood
insurance policy claims from the National Flood Insurance Program (NFIP). The
value of contents damaged was divided by estimates of the total value of
contents, and a minimum-least-square regression of percentage of contents damages
to depths of water was_fitted to the data. This curve was then used to determine
damages from different flood stages to the contents of residences throughout the
flood plain. Figure D-3 shows the curves. The historical depth of water was
obtained from the U. S. Geological Survey records and residents of the area.
These curves were updated in 1987 using actual flood damages to 98 housing
structures from the 1985 floods along the Rio Cibuco.

2. Commercial establighments. Curves derived for the various
categories of- commercial establishments for the Rio Puerto Nuevo area were
developed by a professional appraiser with considerable experience on
investigating claims under the National Flood Insurance Program (NFIP).

Average damages in terms of a percentage were determined by the
analysis of claims under the NFIP. Empirical data were used to develop damages
for floodwaters of less than 1.2 meters depth. Percentage figures for damages
occurring at depths over 1.2 meters were estimated by the appraiser on the basis
of professional judgment. Although similar in nature, different types of
businesses show different contents damage percentages since the merchandise is
displayed differently. For commercial facilities, major structural damages
consist of the electrical system plumbing facilities, door, windows, air
condi* "~ning units, and other furnishings.
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In some instances a total loss at 1.2, 2.1, or 2.4 meters depth has
been considered. In other cases total loss does not occur at this depth. The
average floor-to-ceiling height in an average commercial building is between 2.4
and 3.1 meters, while other types of businesses have higher ceilings and some
property is stored or placed above 2.4 meters.
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Figures 4 to 7 present the depth-damage percentage relationship<
for ‘the various commercial categories found in the study area. These ar:
category 1, 3, 6 and 7. ’

3. Industrial. For this cat: ry of damage int views were conductec
directly with plant managers in the Rio  inde de Manati s 3y area. Interviews
were the only way to estimate the tota: content value arn. also the potentia
depth-damage relationship. This was confirmed by the manager and/or plani
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manager. first flood elevations were obtained from a topographic plate supplied
by the Puerto Rico Industrial Development Company and verified in the field
survey. A 100 percent of industries were covered. Damage figures were provided
by each plant on an absolute basis rather than on a percentage basis. The
information obtained was compared with those of the Upper Rio Grande de lLoiza
Feasibility Report.

4. Utilities. Cleanup and repair costs for water, sewage, electric,
gas and telephone Tines, meters, and power stations were estimated at $2,000 per
4,000 square meters of developed land in the flood plain. These figures are
based on field observations and discussions with representatives from the various
utilities companies.

5. Highways _and streets. Damage to highways and streets were
estimated applying a percentage of the cost of repair per kilometer to the number
of kilometers flooded for each flood frequency analyzed. Damage per kilometer
was developed through discussions with officials of the San Juan Regional Office
of the Department of Transportation and Public Works (DTPW). Analysis of current
highway construction and repair costs was obtained from a variety of sources.
In accordance with DTPW, the total cost of repairing a badly damaged two-lane
highway is $79,600 per kilometer. ODamages to highways and streets during the
flood events analyzed were estimated as a function of the water elevation above
the surface of the pavement. A ceiling of 80 percent of the estimated maximum
potential restoration cost was established in the evaluation of damages for the
worst condition in this category of land use. Damages to streets were estimated
at 75 percent of the highway damage per kilometer following the same procedure
as indicated above.

6. Public buildings and offices. Damage estimates to structure and
contents of public buildings and offices were ascertained using the depth-damage
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retationship developed for elementary schools. For school buildings, data
provided by the Superintendent of Schools, the school directors, the Public
Buildings Authority, and the General Services Administration were used to develap
basic depth-damage relationships.

7. Nonprofit organizations. Damage potential to the-structures and
contents of these facilities were developed using the depth-damage relationship
for elementary schools.

F. Flood Damages

1. Historical damages. Historical damages for the town of Barceloneta
were obtained through the Municipal Civil Defense office. ODuring 1985 the town
was severely flooded twice, May 17-18 and October 5-7. Both events flooded the
same areas and had similar stages, as informed by the Municipal Government and
Geological Survey office. These events produced damages that were recorded, to

. public buildings and facilities; commercial establishments, residential property
contents, and street roads and sidewalks. Flood damages reported for October
1985 exceeded $7.4 million in losses. The 1985 flood event affected 90 percent
of the towns and cities in Puerto Rico, resulting in the evacuation of over 3,500
persons in the Barceloneta, Manatf, and Arecibc area. Raging waters of the Rio
Grande de Manati swept thousands of vehicles and cut off the towns along the
northern part of Puerto Rico.

On May 12-13, 1986, heavy rains caused floods with damages reported
at $2.9 million. Over 57 percent of the damages reported relate to structure
contents. A summary of the damages for October 1985, May 1986, and newspaper
clippings are shown in Enclosures 1 to 3

2. Potentjal damages. Potential damages for existing and future
conditions associated with selected frequencies and land uses are also presented
for the area flooded by the Rfo Grande de Manati. The damage estimates reflect
1993 price levels.Flodd damages according to flood frequency for residential,
commercial, public, and nonprofit land uses were estimated utilizing a computer
program developed at the San Juan Area Office. The program applies the depth-
damage relationships previously considered to the value of structure and contents
of different land uses considering the depth of water above the level of the
first floor in each particu!ar case. Since it is desired to compute the damage
that can be expected in any year, the damage corresponding to each magnitude of
flooding is weighted by the percent chance of each being exceeded. The sum of
the weighted damages represent the expected annual flood damage.

To compare alternative plans and to correlate damages with costs,
an equivalent annual damage is computed. This equivalent value represents a
uniform d1str1but10n of annual values and is computed by discounting and amortiz-
ing each year’s expected annual damage figure over the period of analysis, taking
into account the time value of money associated with damage estimates. Expected
annual damages and equivalent annual damages were computed utilizing the Expected
Annual Flood Damages Computation Model developed by the Hydrologic Engineering
Center, U. S. Army Corps of Engineers. Potential damages were estimated using
April 1993 price levels for structure and content values and were:discounted at
8 1/4 percent interest rate for the first 50 years of the project life.
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a. Existing conditions (1993). Table D-12 shows flood damage

estimates for single events and land use categories under existing conditions.
Total damages for the study area range from $3,969,000 for the 5-year flood to
$28,602,000 for the SPF. The residential and industrial land uses are the most
affected. It is also observed that considerable damages occur to public schools
and other public buildings at the lower frequency.events. Damage to utilities
and commerce is also significant. )

- b. [Future conditions. Increased flood damage for future
conditions only reflect the application of the affiuency factor to existing
household’s content values as specified in the Principles and Guidelines for
Water and Related Land Resources. This document requires that affluence
considerations be limited to 50 percent of a structure’s current value. The
projected annual growth rate of real per capita disposable income was utilized
to measure future changes in residential contents.

3. flood damages. Expected annual damages for
existing (1993), base year (1998), and future conditions (2048) are shown on
Table D-13. For existing conditions {1993) expected average annual damages for
the study area are estimated at $3.0 miliion, while for the planning period 1998
and 2048 expected annual damages are estimated at $3.1 million and $3.3 million,
respectively. Table D-14 shows the equivalent flood damages by land use
categery. Equivalent average damages for industry is almost twice that for
residential uses reflecting the high content value of scientific instruments and
specialized communications products being manufactured in several of the
industrial plants in the study area.

III. WNATIONAL ECONOMIC DEVELOPMENT BENEFITS
A. General

This section describes the procedures utilized to estimate the various
categories of national economic benefits analyzed for assessing flood control
plans for the detailed study area. It also presents aggregate cost data of the
plans considered. Costs are discussed in detail in Appendix C, Design and Cost
Estimates, while the flood control plans are described in detail in the Main
Report.

B. Categories of Benefits Considered

1. Inundation reduction an idual floodi amage. Reduction of
physical damages to property, experienced by occupants of the flood piain, are
considered a contribution to income at the national level. The difference
between expected physical annual damages expressed in monetary terms under the
with and without projects conditions for each plan was taken as the contribution
(the benefits) of that plan. Appropriate multiple frequency computations of
hydrologic and hydraulic conditions and stage-damage relationships were used to
estimate physical flood damages in the area. Inundation reduction benefits for
each of the candidate flood control plans are presented on Table D-15. Residual
damages are also presented on this table.
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TABLE D~13

RIO GRANDE DE MANATI DETAILED PROJECT REPGRT
EXPECTED ANNUAL FLOOD DAMAGES R
WITHOUT PROJECT CONDITIONS
($1000 OF 1993)

RESIBENTIAL LAND USE

EXISTING CONDITIONS BASE YEAR 1998 FUTURE YEAR 2048
$681 3815 $989

........................................................................

USES OTHER THAN RESIDENTIAL:

COMNERCTAL $158
PUBLIC 118
NON-PROFTT 7
INDUSTRY . 1,794
UTILITIES - 230
HIGHWAYS 55
TOTAL USES OTHER THAN RESIDENTIAL: $2,362

TOTAL EXPECTED ANNUAL DAMAGES:

STUDY YEAR 1993: $3,043
BASE YEAR 1998: $3,177
FUTURE YEAR 2048: ' $3,351
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TABLE D-14

RIO GRMDEEDE MANATI DETAILED PROJECT REPORT

QUIVALENT FLOOD DAMAGES
WITHOUT PROJECT CONDITIONS

(31000 OF 1993}

DAMAGE CATEGORY:
RESIDENTIAL
COMMERCIAL
PUBLIC
NON-PROFIT
INDUSTRY
UTILITIES
HIGHWAYS

TOTAL **

** Discount Rate = 8 1/4%
** period of Analysis = 50 years.
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$908
158
119

1,794
230

$3,271
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Utilizing the depth/damage relationships previously discussed and
flood stage data developed as discussed in Appendix A, Hydrology and Hydraulics,
residual damage estimates were developed for each reach, land use category, and
level of protection. The plans are discussed in detail in the Main Report.

2. Employment benefits. The use of unemployed labor resources that
would have remained unemployed in the absence of a plan is considered a project
benefit. The NED benefit is limited to payments to unemployed and underemployed
labor resources dirvectly utilized in the construction and installation of the
project and also includes labor used for operations and maintenance.

Traditionally, the unemployment rate in Puerto Rico has been very
high. Between 1985 and 1991 it averaged about 17 percent. In the early 1990's,
it came down to about 15 percent. At present (1993), this rate has increased to
18.5 percent for the January-February-March reporting period. High unemployment
still remains one of the major sociceconomic problems in Puerto Rico.

In 1992 the construction industry, which constitutes one of the
dynamic sectors of the economy, accounted for about 54,000 jobs of a total work
force of 1,090,000. There is a considerable pool of unemployed persons, some of
who? could be employed in the event of the construction of a flood contrel
project.

For determining the portion of constriction labor cost allocated
to the unemployed, it was assumed that 20 percent of the total construction cost
of a project would be used for the wages and salaries of the construction
workers. This figure was arrived at on the basis of information provided by
representatives of the local private construction industry contacted through
telephone calls, data obtained from the Unemployment Insurance Bureau of the
Puerto.Rico Department of Labor and Human Resources, and general familiarity with
the ongoing Portugués and Bucané Flood Control Project, currently being built by
the Corps of Engineers in the Ponce Metropolitan Area, which shows comparable
labor characteristics ‘to the study area labor market.

To determine the relative amount and classification of labor, an
analysis of the construction schedule at each river stream was made. The
percentage distribution for the various categories is as follows:

Skilled - 60%
Unskilled - 10%
Others - 30%

These percentages were determined from actual data for the
Portugués and Bucané channel improvements project. They were assumed to remain
constant during the construction phase due to the nature of the project.

Wages and salaries used to employ workers drawn from the unemployed
pool for each category of workers were determined on the basis of an analysis of
empirical data from the Portugués and Bucand channel improvements project.
Percentages determined are as follows:

Skilled - 20%
Unskilled - 80%
Others - 50%
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Annual benefits were amortized at 8 1/4 percent rate over the 50-
year life span of the project.

Table D-16 shows typical computation of employment benefits for Rio
Grande de Manati Detailed Project Report.

C. Benefits and Costs Analysis

- 1. Costs. Total first costs, interest during construction, total
investment costs. and annual costs estimates for the plans under consideration
for Rio Grande de Manati are indicated on Table D-17. Detailed discussion of
items are shown in Appendix C (Design and Costs Estimates).

2. Benefits. A summary of all benefit categories previously
discussed is shown on Table D-18. On the basis of the criterion of maximum
contribution to National Economic Benefits. the recommended plan is Plan 2.
100-year levee.

3. Benefit to cost ratios. Benefit to cost ratios for the plans under
consideration are also shown on fable D-19.

4.  Regional impacts. The economic benefits derived from the
structural flood contro! measures depicted in the alternatives under
consideration are shown on Table D-19. Additional economic benefits for the
region are expected to accrue from other factors which are not specifically
considered in the present study.

D. Recommended Plan.

1. Descri?tion of plan. The recommended plan of improvements consists
of providing a ring levee, two pilot channels and interior drainage facilities
for flood protection for the town of Barceloneta to provide 100-year protection.

2. The economic impacts of the recommended plan. These are presented
on Table D-20. The econpmic analysis of the recommended plan was determined by

comparing the inundation damages and benefits figures for 1993 and comparing
these with the cost figures (refer to Appendix C, Design and Cost Estimates) for
establishing the economics of the recommended plan. The discount rate of 8 1/4
percent for fiscal year 1993 and the current fiscal year (1994) discount rate of
8 percent are used to discount cost and benefits over a project 1ife of 50 years.
Benefits analysis associated with employment are also included. Net National
Economic Development benefits are approximately $2.0 million annually. This
would produce direct and indirect net regional income of $5.8 million and some
168 temporary jobs and 128 permanent jobs.
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RIQ GRANDE DE WAMAT! DETAILED PROJECT REPORY

TABLE D-16

BANPLE ENPLOYMENT BEREFITS COMPUTATIGH

EMPLOYMENT SENEFIYS COMPUTATION FOR PLAN MO.
CONSTRUCTION PERIQU ~ 19 MONTHS

1. ToN AN st

2. MAGES ARD SALARIES(20X)

3. CONSTRUCTION SCHEDULE - (%)
4. MAGES AKD SALARIES PER PERICD
5. DISTRIBUTION BY CATEGIRY OF WORKERS
SKILLED (60%)
UNSCILLED (10X}
OTRERS(30X)
6. WAGES YO THE UMENPLOYED
SKHAED (X%
LASCILLED (B0%)
QTHERS (50%)
SUBTOTAL(BENREFTT CLAIMED)
7. WORTH OF BENEFIY AT END OF CONSTRUCTION ¥

.
8. YOTAL BEREFIT FOR 19 MONTHS: =7
9. EQUIVALENT ANKUAL BENEFIT: #

Notes: * Arvwal Interest rote = 8.25 %
# Amortized at i= 8.25% for 50 years.

($1000 1993)
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TABLE B-17

RIO GRANDE DE MANATI DETAILED PROJECT REPORT
SUMNARY OF ECONONIC COSTS
($1000 OF APRIL 1993)

PLAN 1 PLAN 2 PLAN 3
50 YR LEVEE 100 YR LEVEE  SPF LEVEE

TOTAL CONSTRUCTION COST 36,813 $7,651 $9,387
PLANNING ENGINEERING & DESIGN 474 525 639
CONSTRUCTION MANAGEMENT 710 - 788 957
REAL ESTATE 1,547 1,613 1,739
TOTAL FIRST COST 9,544 10,577 12,722
INTEREST DURING CONSTRUCTION 640 718 879
TOTAL INVESTHENT COST 10,184 11,295 13,601
ANNUAL INVESTMENT COST 856 950 1,144
ANNUAL OPERATION AND MAINT. COST 37 37 37
TOTAL ANNUAL COST $893 $987 $1,181
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TABLE D-18

RIO GRANDE DE MANATI DETAILED PROJECT REPORT
ANALYSIS OF CANDITATE FINAL PLANS
SUMMARY (OF ANNUALIZED BENEFITS AND COSTS

(81000 OF 1993)

PROJECT BENEFITS AND COSTS PLAN 1 PLAN 2 PLAN 3
50 YEAR LEVEE 100 YEAR LEVEE  SPF LEVEE

BENEFITS:
Inundation Reduction $2.796 $2,981 $3.107
Employment ’ $47 $53 $65
TOTAL PROJECT BENEFITS $2.843 $3,034 13,172
PROJECT COSTS $893 $987 $1.,181
NET NED BENEFITS * $1,903 $1,994 $1,926
BENEFITS/COST RATIO 3.1 3.0 2.6

Note: (1) Benefits and Costs amortized &t 8.25%.

* Qptimization 4p"’r"bcess does not inciude employment benefits.
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TABLE D-19

RIO GRANDE DE MANATI DETAILED PROJECT REPORT
REGIONAL IMPACTS OF RECOMMENDED PLAN
($1000 OF 1993)

REGIONAL ANNUAL INCOME $5,821
REGIONAL ANNUAL €OST ) $598
NET REGIONAL BENEFIT 35,223
REGIONAL ENPLOYMENT
Permanent Jobs: 128
Temporary Jobs: 168
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TABLE D-20

RIO GRANDE DE MANATI DETAILED PROJECT REPORT

ECONOMICS OF THE RECOMMENDED PLAN
(31000 OF 1993)

TOTAL FIRST COST
INTEREST DURING CONSTRUCTION
TOTAL INVESTMENT COSTS

AVERAGE ANNUAL ECONOMIC COSTS
OPERATION AND MAINTENANCE COSTS

TOTAL ANNUAL COSTS

AVéRASE EQUIVALENT ANNUAL BENEFITS:

Inundation
Employment

TOTAL ANNUAL BENEFITS
NET NED BENEFITS
BENEFIT COST RATIO ~ . .

374

8.0% interest

Tsw0.374
$696
$11.070

$905
$37

$942
$2.982
$43
$3.025
$2.083
3.21

8.25% interest

s
$718
$11.295

$950
$37

$987
 52.981
353

$3,034
$2.047
3.10
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DETAILED PROJECT REPORT
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REAL ESTATE PLAN
DETAILED PROJECT REPORT
SECTION 205 FLOOD CONTROL
PUERTO RICO

CHART OF ACCOUNTS

] LANDS AND DAMAGES
01A PROJECT PLANNING
DIAX  CONTINGENCIES s 6.2
018 ACOUISITIONS
0182 BY LOCAL SPONSOR
0184 REVIEW OF LOCAL SPONSOR .
01BX  CONTINGENCIES __ 18,000
o1c CONDEMRAT |ONS
01c2 BY LOCAL SPONSOR
014 REVIEV OF LOCAL SPONSOR
01CX  CONTINGENCIES — 11,000
01E APPRAISALS
01E2 BY LOCAL SPONSOR
01E4 REVIEW OF LOCAL SPONSOR
O1EX  CONTINGENCIES —3. T30
O1F PL 91-646 ASSISTANCE
01F2 BY LOCAL SPONSOR
O1F4 REVIEW OF LOCAL SPONSOR
OIFX  COMTINGENCIES — 2,450
016 TENPORARY PERNITS
0162 SY LOCAL SPONSOR
0364 REVIEW OF LOCAL SPOKSOR
0166 DAMAGE CLAIMS
016X  CONTINGENCIES 1,450
0IR REAL ESTATE PAYMENTS
oIR1 LAND PAYMENTS
oir1e BY LOCAL™ SPOMSOR
01R2 PL 91-646 ASSISTANCE PAYMENTS
01R28 BY LOCAL SPONSOR
OIRX  CONTINGENCIES 273,750
F PROJECT COOPERATION AGREEMENTS (PCA)
294 DRAFT PCA
2901 REAL ESTATE ACTIVITIES
% CONTINGENCIES — 500
TOTAL REAL ESTATE COSTS EXCLUDING CONTINGENCIES (RD)
TOTAL REAL ESTATE CONTINGENCIES COST (RD) s _323,000

TOTAL PROJECT REAL ESTATE COST
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1,293,000
$1,616,000



REAL ESTATE PLAN
DETAILED PROJECT REPORT
SECTION 205 FLOOD CONTROL
RIO GRANDE DE MANATI AT BARCELONETA
PUERTO RICO

. BTATEMENT OF PURPOSE

This Real Estate Plan is tentative in nature for planning
purposes only and both the final real property acquisition lines
and the estimate of value are subject to change even after approval
of the Detailed Project Report (DPR).

AUTHORIZATION

This study is undertaken by virtue of the authority of Section
205 of the Flood Control Act of 1948, as amended. This study was
reguested by the Puerto Rico Department of Natural Resources. The
date of Recomnaissance Report Certification is April 11, 1889.

PROJECT LOCATION AND DESCRIPTION

The Rio Grande de Manati is located in the north central
coastal region of Puerto Rico. The river originates in the
Cordillera Central Mountain Range of Puerto Rico approximately
2,625 feet above mean sea level. The river flows in a slightly
northwesterly direction through a belt of limestone hills into a
deep and narrow canyon-iike valley, then across an alluvial plain
before finally emptying into the Atlantic Ocean. The total area
covered by the Rio Manati watershed is approximately 202 square
miles. The coastal alluvial plain (project location) extends for
approximately 15 miles and averages roughly 1.5 miles in width.
Nearly all of the land in this plain is in the designated floodway.

The Municipality of Barceloneta covers an area of 24.2 sguare
miles. Terrain is characterized by the extensive coastal flood
plain in the north and a series of limestone hills in the south.
The towns of Barceloneta and Manati are the main urban centers of
the area. Barceloneta is a relatively small, densely populated
area, located on the west side of the Rio Grande de Manati
approximately 2.75 miles south of the Atlantic Ocean. Puerto Rico
Highways #2 and #140 are the main arteries serving Barceloneta.
Flooding, and the surround.lng limestone hills, have consnlerably
limited the expansion of Barceloneta.

The land in the project and vicinity of the project is

predominately agricultural/grazing land within the floodway,
further defined as Flood Zone 1. The flcodway is defined as:
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The watercourse of the channel, river, creek, brook,
or natural drainage channel and that portion of
adjacent lands to permit the discharge of the base
flood without cunulatively increasing the water
surface elevation by more than one foot in
undeveloped areas,’ or six inches in developed areas.

. Flood Zone 2 is defined as: the area situated between the
floodway limits and the limits of the 100-year floodplain.
Flood Zone 2 regulations permit new buildings in this zone when
these are designed and constructed in such a way that will cause
the least possible obstruction to the flow of water, will provide
safety conditions, will resist the effects of hydrodynamic and
hydrostatic pressures of floodwater or coastal surges, and comply
with any other applicable provision of law or regulation.

These definitions are per the Commonwealth of Puerto Rico
Planning Board's Regulation for Floodable Zones, Regulation 13,
Second Revision dated March 6, 1887.

The agricultural/grazing land located in the floodway (Flood
Zone 1) would still be subject to flooding after the project is
implemented, though at considerably less stages than pre-project
flooding. Flood Zone 1 restricts land uses to exclude new
construction, structures, landfills, substantial improvements or
other developments. The Puerto Rico Planning Board (PRPB} will
maintain these lands under flood plain regulations to prohibit
Gevelopment as will bdé specified in the proposed Project
Cooperation Agreement (PCA}.

The proposed project is designed to protect the populated area
in and around Barceloneta from periodic flooding. This would be
accomplished by: ringing the town with a combination of pilot
channels, levees, internal drainage channels and culverts.
Throughout the project, minimal interior drainage channels would
basically paralliel the levees along the inside to reroute drainage
flows to the culvert cutlets. Four road rampings would be required
to accommodate levee and channel improvements. Each would require
a one year temporary road easement during construction. One
residence would be acguired at the east levee tie~in on the
southeast corner of the project and two residences would be
acquired at the west levee tie-in on the southwest corner. Four
residences would need to be acguired on Puerto Rico Highway #684,
just north of the east levee, due to severed access. Approximately
11 acres will be severed from its parent tract by the east levee on
the east side and the Manati River bed and interior drainage
channel on the west (creating an inaccessible island). This
severed land will be used as a temporary staging area for a period
of three years. A permanent disposal area consisting of 6.8 acres
would be required adjacenmt to the west side of the west levee in
the southwest corner of the project. s
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A more detailed description of the project features and
affected lands from the southeast corner, counter-clockwise to the
southwest corner is as follows:

Proposed project improvements would begin at a point where
Puerto Rico Highway #140 enters the town of Barceloneta just south
of the river's large oxbow. From this point an approximately 2,234

. feet upstream pilot channel would straighten the existing riverbed
cutting off an’' area where the east levee and interior drainage
channel improvements would begin. The east levee would begin at
its tie~in point into the hillside across Puerto Rico Highway #140,
requiring the acquisition, of one residence. The levee would then
extend across the road and northeast within the existing riverbed,
which would then be cut off by the proposed upstream pilot channel.
Affected lands within this portion of the project are both
agricultural tracts within the designated floodway, and residential
property at the tie-in point across Puerto Rico Righway #140,
located in Flood Zone 2.

From the point approximately where the upstream pilot channel
would terminate to the northeast, the east levee would skirt
Barceloneta to the east, cut across the existing river oxbow in two
places (severing an ownership tract as discussed above) before
crossing Puerto Rico Highway #684. The proposed interior drainage
channel along this stretch would parallel the levee north to its
intersection with the existing riverbed, then run northwest and
north around the proposed recreation area before rejoining the
levee just before its intersection with Puerto Rico Highway #684.
Affected lands throughout this part of the project are large
agricultural tracts within the designated floodway. No
residential/commercial improvements are affected by this portion of
the project, though a public boat ramp located where the east levee
will cut across the existing river oxbow to the south would require
relocation. Relocation of this boat ramp reguires the acquisition

of approximately .57 of ah acre.

Just east of proposed culvert 2 would be the downstream pilot
channel. This channel will convey the water in a fashion so as to
bypass the existing river oxbow. The downstream pilot channel
would require a construction bypass road easement from levee right-
of~-way to the pilot channel area for a period of two years for
construction purposes. The aforementioned boat ramp would be
relocated to extend from Puerto Rico Highway #684 to the river,
just north of culvert 2, and requires a permanent access road.
Affected tracts are large agricultural ownerships within the
designated floodway. No improvements are affected by this portion
of the project.

Near the proposed 1levee and Puerto Rico Highway #684

intersection, Puerto Rico Highway #684 would require ramping over
the levee and drainage channel. From the east levee's intersection
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with Puerto Rico Highway #684 and Calle Plazuela Road, to culvert
1, the east levee and interior drainage channel would run northwest
and west across large agricultural tracts within the designated
floodway. The four residences on Puerto Rico Highway #6824, just
north of its intersection with the east levee, will need to be
acquired due to severed access by the raised road embankment.

. Culvert 1 would separate the east levee from the west levee.
From.culvert 1, the west levee and interior drainage channel would
run southwest and south to a tie~in point across Puerto Rico
Highway #682. Road rampings over the levee and channal would be
required at the west levee's intersections with Puerte Rice
Highways #681 and #682. The west levee tie-in point across Puerte
Rico Highway #682 would reguire the acguisition of two residences.
The west levea would affect agricultural floodway land, a raised
area under development within Flood Zone 2, and residential
homesites in Flood Zone 2 at the tie~in point.

The proposed 6.8 acre permanent disposal area is located
contiguous to, and along the west side of the west levee in the
project's extreme southwest corner. The proposed staging area will
be the severed area of the oxbow conzisting of 11 acres.

No borrow areas have been delineated for acquisition. It is
proposed that most of the borrow material will be purchased from a
commercial borrow site located west of Barceloneta. The quality of
material from on-site excavations of the pilot and drainage
channels is reportedly relatively poor.

GOVERNMENT~OWNED LAND

No U.S. Government land exists in the project. Approximately
100 acres of project .-lands are owned by the Puerto Rico Land
Autherity. The Municipality of Barceloneta owns approximately 10
acres of land within the project area and the riverbed of the Rio
Grande de Manati is owned by the Department of Natural Resources.
No costs are included in this report for lands within the riverbed.

ATTITUDE OF OWNERS

.

The landowners willingly granted rights-of-entry for survey
and exploration to the Corps of Engineers through the. local
sponscr, which indicates there is general support for the project.

APPRAISAL INFORMATION
Fifteen ownership tracts are affected by the project. There

are three land classifications of various sizes included in the
project area for real estate valuation purposes. They consist of
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large agricultural lands within the floodway, residential property
outside of the floodway and developable acreage outside the
floodway.

The fee area required for the project totals approximately”
127.97 acres at a cost of $676,251. Eleven acres of the fee area°’
required consist of the severed oxbow area which will be used as a

_temporary staging area for a period of three years. The. severance
damage estimate ($34,650) and the estimated value of the three year
temporary staging area easement ($11,550) exceeds fee value of the
11 acres ($38,500) therefore fee title will be acquired. Three
residential improvements, valued at a total of $123,000 are also
affected by the project and would be acquired. Approximately 10.70
acres of temporary easement valued at $5,556 would be needed for
project purposes. Severance damages assessed at $11,435 include
portions of two tracts (.15 of an acre total) which after project
will become unusable for conforming land uses due to their sizes
and irregular shapes. Also included under severance damages are
approximately .28 of an acre ($21,000) and four residential
structures ($96,000) located just north of the east levee and
Puerto Rico Highway #684 intersection. This land and four homes
are assessed severance damages due to severed access by the
proposed raised road embankment. The total estimated severance
damages incurred by the project is $128,435.

RELOCATIONS ASSISTANCE (PUBLIC LAW 91-646)

a. Displacement of Families:

Under this project, a total of seven residences will need
to be relocated in accordance with Public Law 91-646, as amended.

b. Cost of Relocation Assistance:

Estimates of all costs to comply with PL 91-646 total
$161,700. A payment of $22,500 is allowed for each of the seven
residential acquisitions ($157,500 total) which includes the costs
associated with providing displaced persons with decent, safe and
sanitary housing. Also included in this payment are expenses
incurred for recording fees, ¢transfer taxes and costs for
prepayment of pre-existing mortgages incident to conveying real
property to the local sponsor. Approximately $4,200 (or $600 each)
is estimated for moving expenses associated with the seven
residential relocations reguired for this project.

c¢. Replacement Housing:
The relocation of the seven families affected by the project

should not cause an impact on the area housing market, due to the
small number of replacement houses required. In addition, a very
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thorough Replacement Housing Study was completed in May of 1992,
for the Rio De La Plata Flood Control Project. Rio De La Plata is
also located on the north coast of Puerto Rico, approximately 15
miles east of Rio Grande de Manati. This housing study concluded
that there is sufficient dJdecent, safe and sanitary housing
available in the area. : -

ACQUISITION/ADMINISTRATIVE COSTS

The ownership data used in calculating the project
acquisition/administrative costs includes a total of 1§ affected
ownership tracts of which 7 are improved with residential
structures requiring acquisition. Based on this information the
estinated costs are as follows:

isition/administrative Estimate:

Project Planning $ 25,000
Review of Acguisitions ($800 ea) 12,000
Review of Appraisals ($600 ea) 9,000
Review of Condempnations (est. of 4 at $1,000 ea} 4,000
Review of PL 91-646 Assistance (5400 ea) 2,800
Review of Temporary Permits 800
Draft PCA 2,000
Total Federal Acgquisition/Administrative

Cost (Rounded): $ 56,000
Non-Federal Acouisition/Administrative Estimate:
Acguisitions ($4,000 ea) $ 60,000
Appraisals ($2,000 ea} . 30,000
Condemnations (est. of 4 at $10,000 ea) 40,000
PL 91-646 Assistance ($1,000 ea) 7,000
Temporary . Permits 3,000
Damage Claims . 2,000
Total Non-Federal Acgquisition/Administrative

Cost (Rounded): $ 142,000
RELOCATIONS

The following information under relocations is provided:
a. Relo ions o ublic Highways tilitie, ilroads an
Pipelines:

As previously described, there will be four road rampings
required to accommodate levee and channel improvements. Each will
require a one year temporary road access easement during
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gonstruction. A public boat ramp will require relocation and as
such, a permanent access road and new boat ramp will extend from
Puerto Rico Highway #684 to the river. {Real estate for the
relocated boat ramp is valued at $1,995; however, an Attorney's
Opinion of Compensability is being prepared to determine
eligibility for crediting purposes.) The downstream pilot channel
will require a construction bypass rddd easement from the levee
right~of-way to the pilot channel for a period of two . years for
* construction purposes.

Coordination with the Antilles Office and Engineering
Division indicates that no other public utilities, railroads or
pipelines will be relocated for this project.

b. Relocations of Cemeteries:

There are no identified cemeteries located on project lands
to be acquired, though it has been reported that an unmarked burial
ground is located near the extreme southeast corner of the project
area. It is presumed at this time that the burial ground will not
be disturbed by the project. Refer to Cultural Resources.

c. Reestablishment of Towns:
There are no towns affected by the project.
d. elocations tructures and Facjiljties:

There are no known structures or facilities, such as public
schools, fire houses, hospitals, libraries, etc. utilized in the
performance of a governmental function which will be affected by
the project.

NON-PEDERAL OPERATION/MAINTENANCE RESPONSIBILITIES

In accordance with the proposed Project Cooperation Agreement
(PCcA), the non-Federal sponsor shall maintain and operate the
project after completion pursuant to direction of the U.S.
Government. ®

LOCAL SPONSOR'S AUTHORITY TO PARTICIPATE IN THE PROJECT

The Department of Natural Resources of the Commonwealth of
Puerto Rico is the local sponsor for the majority of the flood
control projects in Puerto Rico. They have provided all lands
required to date for the on-going Portugues and Bucana Flood
control Project since 1974. They provided all necessary lands for
the Sabana Grande Project completed in 1930, and are currently
acquiring lands for the Rio Cibuco Project at Vega Baja, Puerto
Rico. - )
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Certain substances are under the surveillance of the Department
of Natural Resources. These items include siliceous and calcareous
mineral substances, sand, argillaceous, magnesian and farruginous
earth, clay and other substances of this kind which my be used for
construction, agriculture, or the arts. =

TIMBER

The predominate use of land in the project area is for cattle
grazing, though there are some sugar cane fields in the east
portion of the project area. There is no standing timber or other
vegetative cover that has significant recreation or scenic value.

.

CULTURAL RESOURCES

A cultural resources reconnaissance survey was conducted along
portions of the preoject area in 1980. A total of 11 sites were
jdentified, and additional assessment work to determine Rational
Register eligibility was recommended for € of the il sites. Due to
subsequent design changes, two sites will now be avoided leaving
four sites requiring eligibility assessment.

The first site to be eliminated has had human burials recovered
from it which date to the period between A.D. 600-1200. The second
site eliminated by design changes dates to the late 19th or early
20th Century.

Two sites of the four requiring eligibility assessments are
located at the north end of the project area. One is a small
historic period artifact scatter, and the other is a small scatter
of pre-Columbian ceramic and 1lithic artifacts. Another site,
affected by the proposed ramp over Puerto Rico Highway #684 is a
pre-Columbian residential site. The last site is located along the
east levee alignment between the proposed downstream pilot channel
and the downtown waterfront.

MITIGATION
According to Engineering Division, Jacksonville District, the

project’s net effects to wetlands will require no land acguisition
for mitigation.
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ESTIMATED COSTS OF LANDS, EASEMENTS, RIGETS-~OF-WAY AND RELOCATIONS

The following is a summary of real estate costs for subject
project.

Lands and Damages

Lands (138.67 acres total)
Fee Simple: 127.97 acres $676,251

Easement: 10.70 acres 5,556
Total $681,807
Improvements
Residences: 3 123,000
Severance Daﬁages
Land: .43 acres $ 32,435
Residences: 4 96,000
Total 128,435
Minerals _—0o
Total Lands and Damages (Rounded) $ 933,000
Acquisition/Administrative Costs (Rounded)
Federal 56,000
Non-Federal 142,000
Public Law 91-646 (Rounded) 162,000
Contingencies (25%) (Rounded) 323,000
Total Estinatéd’neal Estate Costs $1,616,000

REAL ESTATE ACQUISITION SCHEDULE

Land acquisition required for project construction is
scheduled to begin after the execution of Project Cooperation
Agreement. It is estimated that acquisition time will be 24 months
with acquisition beginning in July 1994.
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ESTATES TO BE ACQUIRED

ee Si e Excludi inerals (Wi Rhestri on_on Use of th
Burface): The fee simple title to (the land described in Schedule
A}, {Tracts Nos. and -}, subject, however, to

existing easements for publzc roads and highways, public utilities,
railroads and pipelines; exceptlng and excluding from the taking
all  (coal) (eil and gas), in and under said land and all
appurtenant rights for the exploration, development, production and
removal of said {coal) (coil and gas), but without the right to
enter upon or over the surface of said land for the purpose of
drilling and extracting therefrom said (coal} {(oil and gas).

emporary Road Acces sement: A temporary and assignable
easement and right-of-way 1in, on, over, and across (the 1land
described in Schedule A) (Tracts Nos. —_—) for
a period not to exceed ""fa_nmg with date

possession of the land is granted to the !Snited States, for use by
the United States, its representatives, agents, and contractors,
for the location, construction, operation, maintenance, alteration,
replacement and use of an access road and appurtenances thereto;
together with the right to plant thereon trees, grass, shrubg and
protect and control vegetation, teo trim, cut, fell, remove, and
dispose of any and all timber, trees, underbrush, obstructions, and
other vegetation, structures, or obstacles within the limits of the
right-of-way; reserving, however, to the owners, their heirs and
assigns, the right to use the surface of the land as access to
their adjoining land; subject, however, to existing easements for
public roads and highways, public utilities, railroads, and
pipelines.

Where an outstanding interest in the subsurface mineral estate
is part of a block ownership which is to be excluded from the
taking in accordance with paragraph 5-28g{2}, the following
clause will be added: excepting and excluding from the taking
all interests in the (coal) (oil and gas) which are
outstanding in parties other than the surface owners and all
appurtenant rights for the exploration, development and
removal of said (coal) (oil and gas) so excluded.
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DEPARTMENT OF NATURAL RESOURCES

[t v

5zp 41 1986

Lt. Col. Stanley G. Phernambucqg
Deputy District Engineer for
Puerto Rico and Virgin Islands
U. S. Army Corps of Engineers
400 Ferndndez Juncos Avenue
San Juan, Puerto Rico 00901

Dear Liutenant Colonel Phermambucq:

During the recent momths we have coordinated very closely
with your Planning Section the Corps of Engineers ongoing and
planned flood control study program in Puerto Rico with partie-
ular emphasis on the scheduling and cost sharing of studies.

A particular issue identified during this coordination is
the one relating to the complementarity of efforts between our
agencies in those basins where both of us are conducting inves-
tigations. Specifically, I want to point out at ongoing ef-
forts at Rio Grande de Lofza and Rio Grande de Arecibo.

In the case of Rio Grande de Loiza, Corps of Engineers
emphasis should be placed on flood control alternatives for the
upper part of the basin, south of Highway 3. Regarding the
coastal flood plain, our Department is in the process of desig-
ning and constructing flood mitigation measures. We request,
however, that the Corps finalize the existing hydraulics for
the coastal flood plain with a bidimensional model in order to
assist us at checking the final elevations for the improvements
we are proposing for the area.

In the case of Rio Grande de Arecibo, we have commissioned
a consulting firm a flood control study for the upper part of
the basin at the town of Utuado. The Department expects the
construction of a flood control project in the area by the state
government. We therefore request that the Corps survey study
for the basin emphzsize the flocding problem and plan formula-
tion gor the coastal flood plain, particularly the city of
Arecibo. -
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We also request that an appraisal report under Section
205 ‘of the 1948 Flood Control Act be initiated for the Rio
Grande de Manat{ at Barceloneta as soon as possible. This is
in accordance to the flood control program coordinated with

your Planning Sectionm.

We look forward for a continuous and productive relation-
ship between the Corps and the Department in solving the water
resources problems and needs of Puertoe Rico.

usto A. Méndez
ecretary
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DEPARTMENT OF NATURAL RESOURGES

DEC g 188

Col. Robert L. Herndon

District Engineer

U. S. Army Corps of Engineers

P. 0. Box 4970

Jacksonville, Florida 32232-0019

Dear Colonel Herndon:

Re: Reconnaissance Report Rio
. Grande de Manati at
Barceloneta, Puerto Rico

The Department of Natural Resources has reviewed the
Draft Reconnaissance Report for the reference project and
generally concurs with the findings contained therein.

This letter of intent, while not considered a binding
contract, is furnished to document our support of this project
and our intent to act as local sponsor for the feasibility

hase of the study. An amount of $100,000 has been budgeted
or fiscal year 1988-89 and additional monies are being
budgeted for the following year to continue and complete our
cost sharing responsibility for the project.

Following execution of the feasibility cost sharing
agreement the corresponding funds will be made available to
the Corps of Engineers. The Department of Natural Resources
agrees to serve on the Executive Committee and study Manage-
ment Team, as indicated on the draft report, throughout the
feasibility phase of the study.

ially,

usto A. Méndez
ecretary
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DEPARTMENT OF THE ARMY

JACKSONVILLE DISTRICY, CORPS OF ENGINEERS
P. O. BOX 4970
JACKSONVILLE. FLORIDA 32232-0019

REPLY TO

e _ FER06 1990

Planning Division =
Environmental Resource Branch

Honorable Luis Fontanez Olive
Mayor Municipality of Barceloneta

Box 277
Barceloneta, Puerto Rico 00617

Dear Mayor Fontanez Olivo:

The Jacksonville District o€ the U.S. Army corps of Engineers
is conducting a feasibility study for flood control for the Rio Grande
de Manati in the vicinity of the town of Barceloneta. The study was
authorized under Sectfon 205 of the Flood Control Act of 1948 as amended.
The local sponsor for the study is the Department of Natural Resources.

The proposed plan to provide flood protection to the above mentioned
study area is under consideration (refer to enclosure).
The Corps of Engineers is soliciting views and comments that
would aid in conducting the study. Where applicable, comments and
. information are requested in conformance with the following: Clean
Water Act, Fish and Wildlife Coordination Act, National Emvironmental
Policy Act, and National Historic Preservation Act.

We look forward to coordinating the future development of this
study with your office as well as with other state and Federal agencies.

Please provide any cosments on inquiries to the above address
within thirty days of the date of this letter.

Sincerely,

A. J. Salem .
Chief, Planning Division

Enclosure
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RIO GRANDE DE MANATI AT BARCELONETA
HAILING

Honorable Pedro Rosellsd
Covernor of Puerto Rico
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. Area Supervisor
luu anine Fisheries Service
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Panama City FL wm 7499

National Marine Pisheries Service
Habitat Conservation Div F-SER 1
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UNITED STATES DEPARTMENT OF COMMERCE
National ic and Atmespheric Administeation
NATIONAL MARINE FISHERIES SERVICE

Southeast Regional Office

F45Q Koger Boulevard
S¢, Petersburg, FL 33702

February 13, L7990

Mr, A, J, Salem

Chief, Planning Division

Department of the Army, Corps of Engineers
£.0. Box 4%7C

Jacksonville, FL  32232-0019

Dear Mr. Salem:

The National Marine Fistheries Service has reviewed the proposed plans
for flood control for the Rip Grande de Manati in the vicinity of

the town of Barceloneta, Puerto Ricn in accordance with your letter
of February 8, 1990.

Biased on the information provided, we have ho comment at this time.
If you have any questions, please contact Dr. Edwin Kepprer of our
Panama City Area Office at 904/234-50&1. ‘

Sincerely yours,

Loty Lapena

# andreas Mager, Jr. .
Assistart Regional Director
Habitat Conwservation Division

ccse
F/SERL
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February 15, 19%@

Mr. A. J. Salem

Chief, Planning Division
Jacksornville District

Corps cof Engirieers

F.0. Box 4370

Jacksonville, Florida 32232-0@19

Attentiont Planning Division-Envirenmental
Resource Branch

Dear Mr. Salem:

Reference is made tc your letter dated February 8, 199Q
including information on the feasibility study for flood control
for the Rio Grande de Manati in Barcelonsta, being conducted by
the Jacksonville District of the U.S. Army Corps of Engineers.

We endorse the efforts you are devoting to this project
which we understand will be of great benefit for the area.
Specifically, our "facilities, projects, and plans are not
directly affected by this action.

Sincerely,

Executive Director

JAB/lat
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LIBAE of RICY
DEPARTAMENTO DE SALUD
ADMINISTRACION DE FACILIDADES
¥ SERVICIOS DE SALUD
HOSPITAL REGIONAL DE ARECIBO
ARECIBO, PUERTO RICO 00612 .

March 3, 19%0

Department of the Army
Jacksonville District

Corps of Engineers

P.0. Box 4970

Jacksonville, Florida 32232-0019

Attn. Planning Division

Re: Study for flood control
for the Rio Grande de Manati
in the vicinity of the town
of Barceloneta, as of letter
February 8, 1990

I have studied the preliminary plans and aIEerna:ives for flood
control of R{o Manat{ in the vicinity of the town of Barceloenta.

At this level.our main concern in activities of this kind is
the quality of the very productive and rich acquifers rumning along
the subsoil of this area.

This office does not foresee any problem and encourages the
prompt realization of this proyect.
Sincerely,

ENVIRONMENTAL KEALTH PROGRAM
PUERTO RICO DEPARTMENT OF HEALTH

Hiram Géméz Herndndez, M.S.S.
Regional Director

HGH/dm

cc Ledo. Ricarde J. Mayoral
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US.Department

of Transporiation Coast Guard District
United States )

Coast Guard

Planning Division

Department Of The Army

Jacksonville District, Corps of Engineers
P. O. Box 4970

Jacksonville, Florida 32232-0019

Sirs:

MAILING ADDRESS:

Brickell Plaza Bldg.
909 S.E. First Ave.
Miami, FL 32131-30%
Staff Symbo_: (m)

Phone: (305) 536-5651

16450
-5 March 1990

The projects at Buenna Vista, Puerto Rico and on the Rio Grande
de Manati near Barceloneta have been reviewed by the Coast Guard

Marine Safety Office, San Juan, Puerto Rico.
comments on either project.

Please keep us advised as the projects dewv

Copy: CGD7(oan) .
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BARCELONETA, PUERTO RICO

Oficina del Alcaide

March 5, 1990

Mr. A.J. Salem

Chief, Planning Division

Jacksonville District Corps of Engineers
P.0. Box 4970

Jacksonville, Florida 32232-00%019

Att: Planning Division

Dear Mr. Salem:

We are in receipt of your February 23, 1990 letter,
and look forward to meeting you personally at the public
hearing scheduled to take place in our Municipal Assembly -
Hall on March 7, 1990.

We understand the limitations outlined of your February
23, letter and desire that the Corps continue with its fun-
ded studies. You may couat on our full cooperation on the
projected flood control messures for Barceloneta. As a
private matter and funded entirely by us, we will perform
separate studies on the possibility of developing navegation
improvements and a Port in the river which would assure year—
round maintenance to keep the river's mouth open and thus aid
in the flood control problem that presently exists. Our objec—
tive would be supplemental to yours and would be of great
benefit to our community.

Please keep us informed on the progress of your work.

Sincerely,

7 Sl

Sol Luis Fontanes Olive
Mayor

SLF/dvl
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
CARIBBEAN FIELD OFFICE
1413 FERNANDEZ JUNCOS AVENUE
SANTURCE, PUERTO RICO 00909
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March 6, 1990

Department of the

Jacksonville District, Corps of Engineers
ATTN: A. J. Salem, Chief

Planning Division

Environmental Studies Section

P. 0. Box 4970

Jacksonville, FL 32232-0019

Re: Rio Grande de Manati Flood Control Project
(Barceloneta, Puerto Rico)

Dear Mr. Salem:

The Caribbean Field office has received and reviewed the
preliminary alternatives for the above referenced project. Our
comments are i d in accordance to the Clean Water Act and the
National Environmental Policy Act.

Although such a project is urgently needed to protect life and
property at Barceloneta, we are concerned about its possible
effects on Caflo Tiburcnes marsh land. Although this area is
actively pumped to lower the water table and reclaim the land for
agricultural purposes and flood control, swampy patches still
remain. These areas support a wide variety of waterfowl and rare
species, such as the West Indian Whistling Duck and the White-~
crowned Pigeon.

Any flood control project in the Barceloneta area should take into
account the importance of the marsh as both water resource and
habitat to try to preserve its integrity. If the project results
in a net loss of wetlands at the marsh or around Manati River,
suitable plans for on-site mitigation should be developed as part
of the project.

The water regime of the wetland areas should be maintained.
Adverse impacts on the water gquality of the river or the channels
traversing the marsh should be reduced to a minimum.

Oon the other hand, the project could be used to impose

developmental constraints in the area, minimizing further
degradation of the marsh land.
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Presently, a draft Environmental Impact Statement Ifor the project
is needed to thorcoughly evaluate the proposed alternatives and
their possible impacts on the region. For this reason, we would
appreciate receiving a copy of this document as soon as it becomes
available. = . .

If you have any questions, do not hesitate to contact Luis F.
cdinpos, Chief of the Water Management Staff, at (B03) 729-6951.

Siﬂ ;, y c/
- » 2
Pedro Al Gelabert
Director
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ESTADO LIBRE ASOCIADO DE PUERTO RICO
POLICIA DE PUERTO RICO

SAOC-1-10-285 “ DA ToBA oncat
AL SUPTRINYENDENTE
CFO. DOX st
SAN JUAN. PURRTD RICO 8NN
Vot WA
Manch 6, 1990
M. AJ. Salem
Chief, Planning
Department of the Avmy
Jacksonville District, Conps of Emgineers
P.0. Box 4970
Jacksonville, Flonida 32232-0019
Dean Mr. Salem:
Rederence is made Lo your Letters dated Febuany 7,
1990, February 8, 1990, concerning fon flood control
for the Rio n Rufz in the vecinity of 0,
Humacao and the Gnndc de 4n the vecinity o

neens m conducting.

Copy o( “thése communications have been referred Lo
both police Area Commander for their comments.

Views on comments if any you will be advised.
Be assured of our assistance and cooperation in this
and all matterns of mutual interest.

Sincenely,

v, A

Adsistant Supe
Field Opumm

402



\w\ﬁuﬁ%@
F = I8
%M 2 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION i
“"“"f 26 FEDERAL PLAZA

NEW YORK. NEW YORNK 10278

MAR 0 1890

Mr. 8.7, Salem, Chief

Planning Division

U.S. Army Corps of Engineers
Jacksonville District

P.0. Box 4970

Jacksonville, Florida 32232-0019

Dear Mr. Salem:

The Environmental Protection Agency has reviewed the preliminary
alternatives for the flood control project for the Ric Grande de
Manati in the vicinity of the town of Barceloneta, Puerto Rico.
Based on our review, we offer the following comments.

The planned study should provide detailed information on the
project's impacts. Specifically, the study should address the
impact of channel atraightening on both surface water quality and
ground water resources. This should include a discussion about
the potential for discovery of hazardous contamination in dredged
sedinents; their potential impacts on surface water gquality should
they be resuspended: and appropriate measures for the proper
disposal of such sediment. Additionally, we recommend that the
study include information concerning the amount of sediment to be
removed; the disposal sites for the excess dredge material: and
tha quantity of fill needed for the levees. Lastly, we recommend
that they study provide the location of any wetlands in the study
area and the impacts to these wetlands due to project construce
tion.

Thank you for the opportunity to comment on this project. If you
have any questions concerning our comments, please call Ms. Vicki
Snitzler Neeck of my staff at (212) 264-6677.

Sincerely yours,
John Filippelli, Chief

Federal Activities Section
Environmental Impacts Branch
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Commonwealth of Puerto Rico no.0302-OT-gpg
Department of Transportation and Public Works Plesss mention mis cumber

HIGHWAY AUTHORITY re————

093-4
90021311106

Box 3909 G. P. C. ~ San Jjuan, Puerto Rico 00936 ~ Cabie Address: AUTOCARR

March 7, 1990

Planning Division

Environmencal Rescurce Branch

Department of the Army

Jacksonville Districe, .
Corns 2f Engineers

P.0. BOX 4970

Jacksonville, Florida 32232-0019

Att: A. J. Salem
Chief Plamning Division

Re: Feasibility Studies for Flood
Control for Rio Grande de
Manatf, Barcelometa and Rfo
Antén Ruiz at Humacac.

Dear Sirs:

The following are our comments relating to the reference studies as
requested in your letters dated February 7 and 8 of 1990.

1. Feasibility Study for Flood Control for the Rio Grande de
Manati in the vicinity of the town of Barceloneta.

The area to be protected by the flood control alternative
encompass portions of the rown of Barcelonera and areas in

its vicinity. This includes Highways PR-140, PR-684 and
PR-6B1. The topographic conditions of the surroundings of
Barceloneta restrain its development and hinder the better
provision of services in the sector. The proposed measures,
particularly alternatives 2, 3 and 4, can improve the existing
conditions because they will open up new areas to development.
The area adjacent to the town can absorve part of the area’s
need for dwelling units and services. The developments in
this sector will have direct access te the future De Diego Toll
Road (PR-22) and to the existing highway PR-~2.
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2.

Feasibility Study for Flood Control for the Rio Antén Ruiz,
Punta Santiago, Humacao.

The flood control measures proposed in the study's alternatives
plans are going to promote future development in the vicinicy
of Punta Santiago near the existing development. We estimate
the new development will produce a moderate future growth.

This area is now served by Highway PR-3 but there are plans
for a realocation (PR-53) that by its very nature will atract
a significant portion of PR-3's traffic volumes.

As a result the alternative plans for the flood control will
not adversely affect the area in terms of highway needs.

We also include a map illustrating the proposed PR-22 highway
project in the vicinity of the town of Barceloneta.

1f you have a question, please, do not hesitate to comtact us.

Enclosure:-
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Sonais
Copial
San Juarn, Posets Rico 00901

March 14, 1990

Mr. A. J. Salem

Chief, Planning Division
Department of Army

Corps of Engineers

Jacksonville, Florida 32232-0019

REF: Preliminary Alternatives for Flood Control
Rio Grande de Manati, Barceloneta

Dear Mr. Salem:

Regarding your ingquiry on the project of reference, we
have no specific comments in view of the information
supplied. -Further consideration could be given to the
different alternatives once the possible environmental impact
of the proposed channel straightening is clarified. At this
time we do not have an assessment of the direct effects the
remedial construction would have on existing structures and
land use.

Sincerely,

Miguel A. Herndn Agosto

ato
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COMMONWEALTH OF PUERTO RICO Mintiias Gavernmental Center, North Bigs.
OFFICE OF THE GOVERNOR D¢ Diego Ave, Stop 22
PUERTO RICO PLANNING BOARD P.0. Box 41119, San Jusn, P.R. 000940 - 5985

March 15, 1990

A B. Salem, Chief

Departaent of the Army
Jacksonville District

Corps of Engineers

P.0. Box 4970

Jacksonville, Florida .32232-0019

Dear Wr. Salea:

I make reference to your request for cosments for the proposed flood
control plans from Hio OGrande Manati 1in the vicinity of the tovn of
Barceloneta. The proposed plans includes four (4} alternatives which vill
provide protection against the 100-year flood and the SPF.

According vith our flood gzone sap numaber 6B and FEMA's Panels
720000-003SC, 0035 , the area to be protected is classified vithin the floodvay
and the floodvay fringe. Also, our prelisinary report, Communities Living in
High Risk Flood Areas,(Dec. 1985}, recosmends the relocation of sixty six (66)
residential units located in the east of the tovn and fn the Central Platuela
Sector. Said report also recomsmends, the construction of & floodvall and a
levee to the northern and the vestern parts of the town.

Plan 1 presents the Dbest fiood control alternative for the study area.
The alternative provides protection against the 500-year flood and vill make .
- possible the development of approximately 150 cuerdas vhich could be included
as part of the wurban limit. This alternative would make 1t unnecessary to
relocate the above mentioned residential units.

The plan preserves the "Reserva MNatural Hacienda - La Esperansza®, vhich
vould be affected by the others plans tn the southvestern part of the natural
reserve. The area considered for developsent could be developed in a compact
manner, such as to maximize the use of the existing infrastructure.

Finally, ve call your attention to the fact that all of the plans vill
entail a floodvay revision to FEMA Panels 0035 and our Flood Zone Map Number
6B. Therefore, ve recomsend coordinating vith FENA the necessary authorization
before comencing the vorks. Once any of the flood control plans has been
constructed, the appropriate FEMA panels should be revised according vith the
Corps hydrologic-hydraulic study.

Cordially,
YN
e
Patria G. Custodio
Chairperson
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United States Department of the Interior
GEOLOGICAL SURVEY

GFO Box 4424
. erte Rico 00930

Mgron 20, 1590

M-, &,7. Salem

artment of the Army

RTTM:  Flarmming Division
Jackeonville District, COE

F.0. Hox 4970

fackeonville, Florida 32232-0019

Dzar Mr. Saiem:

SUBJELT: Feasibility study for flood contrel for the
®io Erande de Manati in the vicinity of the town of
Rarceloneta.

After studying the several alternative plans to provide flood
orotection to the fown of Barceloneta, we consider that the
use of Flan 2 seems to be the best one to amitigate the flocod
przblem in the area, due toc its higher degree of protection to
th2 urban area against the SPF.

i ved have any-guestions regarding this matter, plsasze dec not
hezitate to contact my supervisors £Eng. Heriberto Torrze-
Siervrzy or myself at (80%9) 749-4346. :

Cordially.

Francisco FPérez—-Blair
Civil Engineer

il
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G.P.O. Box $88 .
Puertao Rico San Juan, Puerto Rico 009"~

Company

April 3, 1990

Mr. A. J. Salem

Chie$, Planning Division
Department of the Army
Jacksonville District

Corps of Engineers

P.0. Box 4970

Jacksonville, Florida 32232-0019

Dear Mr. Salem:

we refer to your letter dated February 8, 1990
in which you inform us of the study being undertaken
by the Corps of Engineers, for flood control for the
Rio Grande of Manati.

Please be informed that engineer Ivan Miranda,
Director of our Outside Plant Engineering Department
Metro and Island North Districts, will evaluate and
coordinate .all phases concerning our facilities.

we will appreciate your submitting to us the
construction drawings and other details related to
this project. As soon as we receive these documents,
we will proceed to perform a study of the area to
determine if our outside plant will be affected.

For additional information, please contact
engineer Miranda at telephone number (80%) 792-8120.

emd
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Commonweaith of Puarto Rico
PUERTO RICO AQUEDUCT & SEWER AUTHORITY

April 18, 1990

Mr. A. J. Salem

Chief, Planning Division
Department of the Army
Jacksonville District

Corps of Engineers

P.0. Box 4970

Jacksonville, Florida 32232-0019

Re: Flood Control Peasibility
Studies Rio Grande de
Manati and Rio Antén Ruiz
de Bumacao

Dear Mr. Salem:

Your correspondence of February 7, and B, 1990 relative to
subject matter requests our views and comments pertinent to the
proposed feasibility studies for flood control at these two

sites.

The generic iniformation provided in the above stated
correspondence does not allow us to offer specific information
relative to the potential impact to existing utilities in our
aqueduct and sewer systems in those area.

We are confident that any impact to our existing utilities
caused by the proposed studies will be considered and included in
the overall budget for said projects as PRASA expects that the
cost of necessary revisions and/or modification to our utilities

will be borme by the projects.

If and when these projects materialize PRASA will interface
with your organization on as needed basis.

Very Truly Yours,

s 00 ofec/oe

Eduardo ~+rhez Claudio
Acting -v Executive
Director Tperations
and Engin: :

m



United States Department of the Interior
FISH AND WILDLIFE SERVICE

CARIBBEAN FIELD OFFICE
P.0.BOX 491
BOQUERON, PUERTO RICO 00622

June 18, 1990

Mr. A.J. Salem

Chief Planning Division

LS srmy Corps of Engineers
FQ Box 4970

Jacksoaville. Florida 32232

Re: Rio Grande de Manati,
Barceloneta, Puerto Rico

Dear Mr. Salem:

This is in reply to your February 8, 1980, letter requesting our views
and comments on the proposed flood control measures for the Ric Grande de
Manati at the toun of Barceloneta. Several structural methods are being
contemplated, these include levees, river channelization, and drainage
ditches. The Municipality of Barceloneta has applied for Corps permits
for several flood control pronjects. These include gabion bank protection
of the Rio Grande de Manati as it rims through the town, a proposed
~harnel diversicn as in COE Plan 2, and a proposed marina facility at the
mouth of the river. ~. .

waticnal Wetland Inventcry maps indicate the wetlands in the area to be
primarilr Estuarine Scrub Shrub, Estuarine Forested, Estuarine Emergent,
Fziustrine Emergent, and Palustrine Forested {see enclosure} areas with
"+¢" have been field checked. The Service prefers either Plan =l or Plan
=2. These plans would not have serious impacts to the fish and wildlife
resources of the area since they are limited to the area around the town
of Barceloneta.

Thank vou for the opportunity to comment on this action, if sou have anv
questions please do not hesitate to call.

Sincerely,
M g

Hilda Diaz-Seltero
Field Supervisor
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DEPARTMENT OF THE ARMY
JACKSONVILLE DISTRICT CORPS OF ENGINEERS, ANTILLES OFFICE
400 FERNANDEZ JUNCOS AVENUE
SAN JUAN, PUERTO RICO O0OPO-3299

REPLY TO
ATIENTION OF

February 14, 1990

Planning Section

Henorable Rafael Hernindez Colén
Governor of Puerto Rico

La Fortaleza

Box 82

San Juan, Puerto Rico 00901

Dear Governor Hernindez Col6n:

The U. S. Army Corps of Engineers and the Department of Natural
Resources have initiated a feasibility study to analyze fload contrel
alternatives to solve the flooding caused by Rfo Grande de Manati at the
.town _of Barceloneta. The study was authorized under the Section 205 of
the Flood Control Act of 1948 as amended. The study was requested by the
P. R. Department of Natural Resources in a letter dated September 11,
(1;986. Stntxdy costs are shared by the Commonwealth and ‘the Federal

overnment.

The area of Barceloneta has experienced frequent serious flooding
throughout its history. The main objective of this study is to evaluate
in detail the magnitude of the flooding problem and to examine the
engineering, econemic, and environmental feasibility of the alternmative
fiood control plans for the area.

A public meeting will be held at 7:30 p.m. on Wednesday, March 7,
1990, at the Salén Asamblea Municipal. The purposes of the meetin? are
to_inform and discuss the scope and programir;? of the study as well as to
collect information on the magnitude of the flooding problem.

It would be a pleasure to have you or your representative
participate in this meeting.

Sincerely,

Charles S. Cox

Lt Col, Corps of Engineers

Deguty District Engineer for
uerto Rico & Virgin Islands

Enclosure
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Honorable Rafael Hernéndez Colén
Governor of Puerto Rico

La Fortaleza

Box 82

San Juan, Puerto Rico 0090]1°R

Governor Hernandez Colén°R

Honorable José E. Laborde
Secretary of Natural Resources

. 0. Box 5887, Puerta de Tierra
San Juan, Puerto Rico 00906°R
@r. Secretary°R

Eng. Patria Custodio

Chairwoman

Puerto Rico Planning Board

P. 0. Box 41119, Minillas Station
San Juan, Puerto Rico 00940°R
§Egineer Custodio’R

Honorable Jaime Fuster
Resident Commissioner of Puerte Rico
427 Cannon Building, HOB
Washington, D. C. 20515°R
gr. Fuster‘R

Honorable Sol luis Fonténez Olivo
Mayor of Barceloneta
Box 277

Barceloneta, Puerto Rico 00661°R
ggyor Fontédnez 0livo‘R

Honorable Joaquirn ‘Rosa Ocasio
Representative

House of Representatives

Box 2228

San Juan, Puerto Rico 00901°R
Qr. Rosa Ocasio’R

Honorable Edgardo Rosario Burgos
Puerto Rico Senate

Box 3431

San Juan, Puerto Rico 00904°R
§enator Rosario Burgos‘R

Honorable Américo Martinez Cruz

Senator .
Puerto Rico Senate .
Box 3431

San Juan, Puerto Rico 00904°R

§§nator Martinez Cruz°R
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1
2)

Angel G.-Montés Soto
Julio César Yéxquez Negrén

3) Margerita Silve Maldonado

4)
§)
8)
n
8)
9)

José M. Soto Mufioz
Migdalia Bonet Acevedo
Luis Moya

Carmen Y. Sufirez Serrsno
Marfe E. Molina Archilla
Sonia N. Cabailero

Héctor J. Sénchez Herndndez
Charlie N. Garcia

José Coldén Rusa

Luis Roberto Scler
Francisco A, Pumarejo
Carios A, Pérez

Néstor Vargas Feliciano
José A. Acevedo Ballester
Hermen Rivera Vargas
Carlos Gutiérrez Serrano
Noel A. Gutiérrex Cruz
Hiram G6émes, Herndndez
José A. Avalo Collazo
Daniel A, Fiedler

Jorge Nieves Quifiones

Aide Cordero Arroyo

Ing. Herminio A. Saldafia Tuero
Ing. Maric Medero Rosado
Jaime A. Riera

Jorge L. Valentin $jerra
Ernesto Gonzilez Cruz
Luis Léipez A
Rodolfo Mertinez

Roberto Batista Escobar
Wilelberto Rodriguez irizarry
Danilo Rodriguez Ferrer
Rafael Reverdn Mercado
Ivén Gémez Pomales
Benjamin Pérez Sénchez
Rail Calderdn Pérez

Maria M. Starez Serranc
Saentiago Vélez Aguila

José A. Rodriguez

Héctor R. Lépez Coliazo
Antonia Kortright Llenzo

LISTA DE ASISTENTES A LA
REUNION PUBLICA DEL
RIO MANATI EN BARCELONETA

7 de marzo de 1996

46)
47)
48)
49}
50}
51)
52)

Félix Cortés Rivera
Ana Celis Cortés de Mislin
Carmen R. Montafiez Diaz
Esther M. Ruiz Rosado
Raiph Schinella
Hon, Sol Luis Fonténez, Mayor
Juan Felicier, Deputy Msyor
Victor Rotied Mens, Civil [
Pedro A. Carmons Coldn, Department of Education
Néstor Rico Ramos, Industrial Development Compat
Francisco A. Pumarejo, Deptartment of housing
Alexis Molinares,
Lisandro Reyes Herndndez
Ing. Pedro R. Crug, Regulations and Permits Admin.
Edgar Fuentes Ortega, Deptartment of Agriculture
Arturo Gonzélex Pérez, Historic Preservation
Marfa M, Cassé, Dept. Natural Resources
Hilton MirS, Dept. Natural Resources
Rey Morales, Dept. Natural Resources
LTC Charies S. Cox, Corps of Engineers
Roberto Cortés Colbn, Corps of Engineers
Elsa Jimé Corps of Engi
Jorge M. Tous, Corps of Engineers
Engineers

Emilio Colén, Corps of
isabel Suazo, Corps of Enginesrs

415



DEPARTMENT OF THE ARMY
JACKSONVILLE DISTRICT CORPS OF ENGINEERS, ANTILLES OFFCE
OEZ

SAN JUAN, PUERTO RICO 00903296

REPLY TO
ATTENTION OF

February 4, 1991

Planning Section

Mr. José S. Rodriguez

Director of Land Use Plans Bureau
Puerto Rico Planning Board

P. 0. Box 41119, Minillas Station
San Juan, Puerto Rico 00940

Dear Mr. Rodriguez:

This letter is to invite you or a representative from your office to the
initial Rfo Grande de Manati at Barceloneta Flood Control Study Management
Team (SMT) meeting to be held at our offices on February 21, 1991, at 9:30
3. m.

The SHT is the focal point for monitoring the progress and direction of
the study. Subject to approval by the Executive Committee (EC), the SMT will
determine the nature of the tasks to be conducted and the extent of plamning,
evaluation, and coordination activities. In addition, the SNT will be
respensible for evaluating any problems, issues or conflicts that may arise
during the course of the study and presenting them along with potential
solutions to the EC for resolution. The EC would have the final
responsibility for study direction, planning, and evaluation activities,
budgets, and schedules. The EC would be co-chaired by the District Engineer
and the Secretary of the Department of Natural Resources.

The preliminary alternatives for solving the flooding problem where
presented to the participating government agencies and to the pubiic during
the public meeting held on March 7, 1990, at the town of Barceloneta. After
studying four alternate levee alignments, we are ready for the selection of a
plan which would be developed into the recommended plan. During the meeting
members of the SMT will be presented with the preliminary findings of the
study and will be given an opportunity to express their views and concerns of
the proposed flood control alternatives and at the same time participate in
the evaluation of any problems or issues that may arise during the meeting.
The draft report is scheduled to be coordinated with all participating
government agencies and the public by the end of January 1992.

If you have any further questions about the Study Management Team
meeting please contact Mr. Jorge M. Tous, Study Tedm Manager, "at 729-6893.

Sincerely,
William 7. Coffey
Lt Col, U. S. Army.
Deputy District Engineer for
Puerto Rico & Virgin Islands
Copy furnished: '

District Engineer
Secretary, DMR ;
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AGENDA

STUDY MANAGEMENT TEAM MEETING
RIO GRANDE DE MANATI AT BARCELOMETA FEASIBILITY STUDY

February 21, 1991

9:30 - 9:35 a.m. Welcome (Lt. Col. William T. Coffey)

9:35 - 9:45 a.m. Introduction and Opening Remarks (Eng. Roberto Cortés)

9:45 - 10:00 a.m. Review of Authorization and Funding for Plamning
Studfes (Eng. Roberto Cortés)

10:00 - 11:00 a.m. Presentation of the Study (Eng. Jorge Tous)

Description of Preliminary Plans’
Impacts of Preliminary Plans
Flooding
Relocations
Urban Expansion
Areas for Borrow and Disposal of Materials
Environmental Resources
Cultural Resources
Economic Analysis of Preliminary Plans
Selection of Final Plan
Selection of Recommended Plan
Present Study Schedule

11:00 - 11:45 a.m. Open Discussion by Team Members
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STUDY
RIO GRANDE DE

EMENT TEAM MEETING

TUDY MANAG
MANATI AT BARCELONETA FEASIBILITY STUDY

February 21, 1981

LIST OF ATTENDEES

HAME {Please print.)

ABENCY PHONE NO.

Hos 3010 B, SwoaiaToms | TiRALAOD A0TH 7235070
Rocawve HeSDuroa Sonry o PL)IT Lacnr 722-27¢4
kot fwrnles ¥ 2 (123 82c2
% 58225 ol Fonander). Aironivn a;_wj_m (re.48)| 77057
Froveisso Morero Cucops  Tucenteos 729-5:57
lyiee st Aal De DEso M@r&r«%‘ 72/-538°
Eoir Rosds CoRps oF ENGINEERS 722-4827
Lsalel f“vgm’,/ Curps or Ersruecns 729 £
M'CUGL 4 ?&QJG«E} C6Rps oF Enﬂ;no < 73 7-{g3f
\7:&' . /4’/2/‘4"0 DN/Z ! D2y
Lrss LBy bonse doe  Bola 848 -2
'z;/wm Avrw-';ﬁ Cavrom, m:a'p:d ﬁf(a. Fe-oudg
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DEPARTMENT OF THE ARMY
JACKSONVILLE DISTRICT, CORPS OF ENGINEERS
». O. BOX 4970
JACKSONVILLE, FLORIDA 32232-0019

aEeLy TO
ATTENTION OF

October 21, 1881 o

Planning Division ‘
Environmental Resources Branch

Mr. James P. Oland

Field Supervisor

U.S. Fish & wildlife Service
Caribbean Pield Office

P.O. Box 481 .
Bogqueron, Puerto Rico 00622-0491

Dear Mr. Oland:

Pursuant to the Endangered Species Act as amended the Corps
of Engineers, Jacksonville District is reguesting a list of any
listed or proposed species or critical or proposed habitat that
may be presant in the study area (see enclosed map) for the
Section 205 flood control study being conducted for the Rio
Grande de Manati at Barceloneta.

Sincerely,

A. J. Salen
Chief, Planning Division

Enclosure
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United States Department of the Interior

FISH AND WILDLIFE SERVICE
CARIBBEAN FIELD OFFICE
PQ BOX 481
BOQUERON, PUERTO RICO

November 5, 1991

A. J. Salem

Chief, Planning Division

Department of the Army

Jacksonville District Corps of Engineers
P.O. Box 4970

Jacksonville, Florida 32232-0019

Re: Floed Control Study,
Rio Grande de
Hanati, Barceloneta

Dear Mr. Salen:

This is in response to your letter of October 21, 1991,
concerning the Section 205 flood control study for the Rio Grande
de Manati at Barceloneta, Puerto Rico. Your letter requested a
list of proposed or listed threatened/endangered species or
critical habitat which may be present in the study area. Based
on the map provided with your letter the following species may be
found within or in waters adjacent to the etudy area: Cassia
mirabijlis, Trichechus manatus (Antillean manatee), and Epicrates
inornatus (Puerto. Rican boa). Please feel free to call this
office if you have any gquestions.

Sincerely,

a6

Vance P. Vicente
Acting Field Supervisor

ss
ce:
COE, San Juan
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, DEPARTMENT OF THE ARMY
SAN JUAN AREA OFFICE, JACKSONVRLE DISTRICT CORPS OF ENGINGERS

REPLY TO February 3, 1992

ATTENTION OF

Planning Section

Dear:

This letter is to invite you or a representative from your
office to the second Rio Grande de Manati at Barceloneta Floed
Control Study, Study Management Team (SMT) meeting to be held at
our offices on February 21, 1992, at 9:00 a. a.

General information on the flood control study, to inciude
discussion of preliminary structural and non-structural
alternatives to minimize flood damages, was presented to
government agencies and residents during a public meeting held on
March 7, 1990, at the town of Barceloneta. During the first SMT
meeting held on February 21, 1991, a detailed discussion of the
preliminary alternatives provided participants with the
opportunity to present views and concerns on proposed flood
control project.

After more detailed studies, a final levee alignment has been
-selected. The plan that includes an earthen levee around the
developed area of the town of Barceloneta will provide protection
for the 100-year flood event and will include recreation
facilities within lands of the project. Enclosed is a conceptual
drawing of the recommended plan. The plan would be discussed
during the meeting together with its performance, costs, benefits,
and all potential issues or problems that could be expected during
the final stages of the feasibility study. The meeting will be
chaired by Eng. Hilton Miré, Assistant Secretary, Fiood (ontrol
Area, Department of Natural Resources and Eng. Roberto Cortés,
Chief, Planning Sectien, Corps of Engineers.

. The draft report is scheduled to be completed by June 1992;
and after the required in-house review, it would be coordinated
with all participating government agencies and the public by the
end of September 1992.

a



Should you have any further questions about the Study
Management Team meeting, please contact Eng. Jorge M. Tous, Study
Team Manager, at 729-6893.

Sincerely,

William T. Coffey

Lt Col, U. S. Army

Deputy District Engineer for
Puerto Rico & Virgin Islands

Enclosures
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RI0 GRANDE DE MANATI AT BARCELONETA
MAILING LIST FOR
STUDY MANAGEMENT TEAM MEETING
21 February 1992

Mr. Fernando Guzmin =

Director of the Area for Environnental
Evaluation and Scientific Analysis
Environmental Quality Board

P. 0. Box 11488

Santurce, Puerto Rfco 00936

Mr. Jorge Rivera
Chief, EnviromentaltStudy 0ffice

San Juan, Puerto Rico 00936

Mrs. Stivia Abadfa

Director of Land Use Plans Bureau
Puerto Rico Planning Board

P. 0. Box 41119, Minillas Station
San Juan, Puerto Rico 00940

Mr. Rafael Pérez Vega
P. R. Land Authority

P. 0. Box 9745

Santurce, Puerto Rico 00908

Henorable Sol Luis Fontanes Olivo
Mayor of Barceloneta -

P. 0. Box 277

Barceloneta, Puerto Rico 00617

Mr. Juan Hernindez

Acting Director of Civil Defese
Municipality of Barceloneta

P. 0. Box 277

Barceloneta, Puerto Rico = 00617

Mr. Javier Blanco

Director

Fideicomiso de Conservacién de P. R,
P. 0. Box 4747

San Juan, Puerto Rico 009502

423



STUbY

MANAGEMENT TEAM NEETI

NG
RIO GRANDE DE MANATI AT BARCELONETA FEASIBILITY STUDY

February 21, 1982

LIST OF ATTENDEES

NAME (Please primt.) AGENCY PHCNE NO.

YERMIN|O A. SALDARA AUToRADAD DE TIERRAS de (B | 7235090
Rotang MOSQuzen Junra de PUNIFaced FETIC0
Mese R Ganzates W N <
Leogs 4. E« /' - Uermeabo Bavcolowets gt -s03,
Lisandr Peyes Mvr\\'ct':?fd RDavaloetn §it-¢02] 2
risbett Homa [Recurses  Ahpwrdce s |zay-3922
\Sose A A rrove DN D2 2y
e . Toue LsSce=
Ao mee DERES DN 263552

!?o (a.u l-a Cw!.-e'-x usc e

Jocae Rivers Ninitace futicded dn Buicte.o, 728-éz%0

5/:4,‘, SonThww ok Moicr iy L Bvree L0 IS | pow-a95d
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AGENDA

STUDY MANAGEMENT TEAM MEETING
RIO GRANDE DE MANATI AT BARCELOMETA FEASIBILITY STUDY
February 21, 1992 :

9:00 - 9:10 a.m. Introduction and opening remarks (Eng. Roberto Corté
Chief. lanning Section snd Eng. Hilton Mire, Assistant

Secretary, Flood Controi Area
9:10 - 10:00 a.a. Presentation of recomsended plan (Eng. Jorge Tous)

Description
Levee aligmment
Interior drainage
Recreation

Impacts of recommended plan
Flooding
Relocations and Roads
Urban expansion
Borrow and disposal areas
Environmental resources
Cultural resources
Economic amalysis

Study schedule
10:00 - 11:00 ' Open discussion by team members
11:00 - 11:30 N F'{osing remarks (Eng. Roberto Cortés)
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DEPARTMENT OF NATURAL RESCURCES

BEC28 Ba3

Jsckacmvillie, Florids 32232.0019
Desr Colonal Salit:

The Pverto Rico Dapertment of Natural Rescurces hes
reviewod the Rio Orande de Manat{ at Barcelcocneta, Fuexrto e:::a

dreft Deteiled Projec and Bnvi b |
genarally concurs with the findings contained ¢ . Tthe
Dapartagnt of capable of fulfilliny

This Latter of Intant, whilg not considered a binding
aontract, iz faraished to doocumsat our gupport of the
reconmanded plan of improvenents and our intent to act as looel
sponeor for its iaplessntation.

Praject funding will be cbzn£a0§ by -snnual

sppropristions

£zom the Commonwealth Legislature capital investmant program for
£lood oontrol ‘works mansged by the Puerto Rico Department of
i1 RESRLCRG . : :

i

Padyro
Secretary
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BEPARTMENT OF KATURAL RESOURCES

February 17, 1994 .

Mr. José A. Martinez
Section

Qffice
)

$00: Ferrdndaziduhct
san:usn, PuertoiRive 00501

neu: N_t‘. Martinez:
Subject:  Rio Grande de 1 Flood © 1 Study

i‘he gurpoes of this letter is to express the way the
t jof, Netural and Environmentsl Resources intends to

secura the use 207.7 acres of land located in the north
sagterp. part . 'tha ‘town of 1 vy for fdual
z ag part of the Ris da Manat{ flood

t‘}w‘-{:iue of signeatura of tha Preject Copperation
_ﬁe l:;pnrtne::: Lnten%; to Iecu:; t:he1 use£ of m
m‘ in quasticn eit throu a speci zoning from

Puerto’ Rivo F an with the land
owner,: the Puerto Rico I-and Authority, to the effect that the
lend i{n question-will remsin in agricultural use. Authorizaticn
from both the U.S. Army Corps of Engineers and our Department
will he mquimd in case any change in 1and use is requested.

Sincerely,
T~
F. bumois

ASsistant Secretary -
/ Water Resources and

(g‘/ Ficod Control Ares
OAA/nilda
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% UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
Q
aj REGION 1t
¢ pROTES JACOB K. JAVITS FEDERAL BUILDING

NEW YORK, NEW YORK 10276-0012x

V17]

.%g'.". J?gssalem, Chief

Planning Division

Department of the Army

Jacksonville District Corps of Engineers
P. O. Box 4970

Jacksonville, Florida 32232-0019

Dear Mr. Salem:

The Environmental Protection Agency has reviewed the draft
detailed project report and environmental assessment (EA) for the
Rio Grande de Manati, Barceloneta, Puerto Rico. The EA evaluates
structural and nonstructural measures to provide protection
against the 100-year flood in the vicinity of Barceloneta. In
this regard, the document proposes the construction of S,200
meters of levees around the town of Barceloneta and two pilot
channels approximately 1,545 meters long in the Rio Grande de
Manati. Based on our review, we offer the following comments.

The document states that the proposed flood -protection project
may enhance economic and quality-of-life improvements in
Barceloneta. Moreover, the draft EA indicates that the proposed
project and the new.construction of Highway 22 may stimulate
regional growth. However, the document does not evaluate the
secondary impacts of ‘the proposed flood control project. Given
that new dermands for housing and services could result in adverse
environmental impacts, the final EA should assess the project's
potential secondary impacts and provide mitigation measures.

Thank you for the opportunity to comment. We look forward to
receiving the final EA for our review. Should you have any
questions, please have Mr. Joseph Bergstein of my staff contacted
at (212) 264-6677.

Sincerely yours,

(RN fr

Laura J. Livingston, Assistant Chief
Environmental Impacts Branch
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Cowmsonweaith of Pusw Rice
PUERTO RICD &mcr & SEWER AUTHORITY

19 de octabre de 1993

P.0. Box 4970
Jacksonville, Floride 32232-0019

Dear M. Salem:
Re  BARCELONETA, PUERYO RICO
Study to Determine the Feasibility
of Providing x Small Flood Control
Project for the Rio Grande de Manati
in the Vichnity of Barcelogets _
Reference is mads to your letter dated September 28, 1993 regarding the above refercace project.

Afer oor snalyxls we arc concerned sbout the possible offcots during the construction stage oo
the quality of the pmdactive aquifier running along the subsoll of tis area.

We alio want 10 inforn you fhat PRASA has soms filtored water and scwer pipelines in the

hwmwmama&emdmmummmu
taben to evolS any sdverse effect in our wiex sources of in out infracstruotares. The contractor
in charge should coutact our Operation Arca for specific detdls.

¥ you have any doubts do not hesiixto (o contact us.

Condially yours,

o. Qs
José A. Calderbn

~  Director for Engineering
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Bobierno Municipal

BARCELONETA, PUERTO RICO

October 20, 1953

Mr. A.J. Salem
Chief, Planuing Division

. 70
Jacksonville, Florids 32232~-0019
Dear Mr. Salem:
I acknovledge received a oopy of the Draft Detailed Project Report
and Eavironsental Assesenent you sent
month. After very Tovis

On behave of the p vho have lived so many years
lives due to £looding of the river, I will e
the ce for the development of this project. At same
time the hsbitants of the city of Barcelopneta will be pleaged to
surpass the scars left from the so fury

Cordially,
AP e

1 Luis Fountanes Olivo
Mayor
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THOF SUERTO RICO Neore oice.
OFFICE OF THE GOVERNOR N Os Disge Sve, Sewp 32
PUERTO RICO PLANNMING BOARD P, O. Box 41175, Sens e, @, B, DOBA0 - 3138
February 1, 1554

Mr. A, J. Salem, Chiet
Flanning Division
frebartment of the Aemv
Jacksonville District
Corpe of Engineers
F.0. Box 4570
Jacksonville. Florida 32232-0019 T

RE: Rioc Grande de Manat:
Barcelonets. Puerto Rico

Dear Mr. Salem:

Reference is made to vour reouest for comménts for the Draft Detailed
Project Regort and Envircnmental &ssessment on Rioc Grande de Manaty fleod
control oroject in the municipality of Barceloneta.

The recommended clan. shown in Plate 5, wall protect the urban core of the
sunacipality from the 100 vear flood of Rio Grande de Manati. The
proposed levee alignment was in agreement with the Land Use Plan for the
Municipality due to the fact that the urban expansion was located to the
south of the town. Also, the recommended plan consider the future
developsent to the west within those lands lotated in the floodway fringe.

We would like to point out an 1mgortant issue about the land to be used
for local run-off under the 100 vear flood. That land actually classified
within the floodway. will be reclassified as non floodable +rom the 100
vear flood of <the river after comoletion of the project. Thas matter
should be attended in order to restract anv future development that can
affect the oroject operation,

Reéardmg the tloodplain manégement, we had to  take into account that
fEMA‘e base flood elevations are lower (one meter: than the 100 vear flood
stages computed by the Torps studv for this project.

Therefore. we wili contact FEMA in order +to reguest a flood insurance
studv revision for Rio Grande de Manati Basin,

cj%/}".’/

Horef3 £. Burges-sndulsr
Uhairwoman
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NATIONAL RSHERIES

Southeast Regional Office

9450 Koger Boulevard

St. Petersburg, Florida 33702

October 26, 1993

Colonel  Terrence C. Salt

District Engineer, Jacksonville District
Department of the Army, Corps of Engineers
P.O. Box 4897¢C

Jacksonville, Florida 32232-0019

Deaxr Colonel Salt:

The National Marine Fisheries Service (NMFS) has reviewed the
Section 205 Draft Detailed Project Report and Environmental
Assessment for the Rio Grande de Manati at Barcelconeta, Puerto
Rico. The report was submitted to us by cover letter dated
September 28, 1993. :

Based on the information provided in the report, we do not expect
the project to have significant adverse impacts to marine or
sstuarine fishery resources for which the NMFS has stewardship
responsibility. Thank you for the opportunity to review this
groject. If we may provide further assistance, please contact Ms.
Shelley Du Puy of our Miami Field Office. at 305-595-8352.

Andreas Nager, Jr.
Assistant Regional Director
Habitat Conservation Division
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COMMONWEALTH OF PUERTO RICO .
PUERTO RICO INDUSTRIAL DEVELOPMENT CQMPANY
G.P.0. BOX 2350 SAN JUAN, PUERTO RICO 00936

TELEX: 3262678
3654319
3055245

October 26, 1993

Mr. A. J. Salem
Chief, Planning Division
Environmental Branch
Departament of the Army
Jacksonville District Corps
of Engineers
P.O. Box 4970
Jacksonville, Florida 32232-0019

Attention: CESAJ-PD-PB
Dear Nr. Salem:

Re: Flood Control Project for
Rio Grande de Manati at ’
Barceloneta, Draft Detailed ‘
Project Report and Environmental
Assessment

Reference is made to your letter dated septmex 28, 1993, related
to the draft of the document mentioned above.

The Puerto Rico Industr:lal Development Company (PRIDCO) has
evaluated the Draft Detailed Project Report and Environmental
Assessment and, in our opinicn, the document addresses the most
gignificant and relevant aspects of the proposed action. In
sddition, the proposed project is in harmony with PRIDCO'S
industrial and economic developzent plans for the area. Based upon
that evaluation, PRIDCO endorses the proposed flood control project
provided that all aspects of its design, construction, and
operation comply with applicable state and federal regulations and
provided that it guarantees protection of the environment.

We hope these comments be useful to your purpose.
Cordially, .
. ; f
< g -
éma. /jw\ué\.) 57)&,« .
R3amon Sanabria Berrios
Vice President for Development

433



TELEFONICA ....... .

DE RERIORICO

October 28, 1993

Department of the Army

Jacksonville District Corps
of Engineers

PO -Box 4870

Jacksonville, FL. 32232-0019

Attention Mr. AJ Salem, Chief
Planning Division

Dear Mr. Salem:
CESAJ—-PD-PB

We received the Draft Detailed Project Report and
Environmental Assessment regarding the Rioc Grande de Manati project
at Barceloneta. Our company endorses favorably the flood controil
improvements for this river.

However, a set of drawings is required to make our field
survey and telephone plant relocations prior to constructions at
- estate roads 684, 681, 682 and 140.

We will appreciate if you contact Mr. José Meléndez, North
Area Outside Plant Engineering Division Manager, after the approval
of the project so we can coordinate with the Puerto Rico Natural
Resources Department the relocation of our utilities.

Cordially yours,

. Efgineer

irector
Island Outside }Xant.
Engineering and Technical
Services Uepartment
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@

Caribbean Area
. PO Box 364868

Uniteg States Sol
Departnent of Canservetion San Juan, PR 00936~4868

October 14, 1993

Mr. A.J. Salem

Chier, Planning Division

Departnent of the Army

Jacksonville District Corps of Enginecrs
PO Box 4970

Jacksonville, FPlorida 32232-0015

Deay Mr. Salexn:

Re: Proposed flood control project for the Rio Grande de
Manati in the vicinity of Barceloneta, Puerto Rico.

According to placs C-1, the proposed project plen is in an
area inciuding two soils: Coloso silty clay loam and Toa
gilty clay loan. Cologo seriaes consists of deep, somewhat
poorly drained scils on flood plains. They formed im
stratified alluvial sediments. Typically these soils have a
brovn silty clay loam surface layer 7 incheg thick.
underlying material from 7 to 13 inches is brown silty clay
loam, from 13 to 33 inches is dark gray and light gray silty
clay losm, snd from 33 to 60 inches is <dark gray and light
gray silty clay loam, and from 33 to 60 inchas dark Y
silty clay. F5lopes range from 0 to 2 percent, %oa ser.
consists of deep, well drained soils on flood plains. They
forwed in alluvial sediments of mixed origin. Typically
these sollc have a dark brown clay loas surface layer 8
inches thick. A subsurface layer from 8 to 17 inches is
dark brown silty clay lcam. The subsoil frow 17 to 29
inchee is dark yellowish brown silty clay iocan. The
substratum fron 29 to 43 inches is dark brown silty clay
loar and from 43 to 64 inches is dark yellowish brown clay
loam. Slopes range from 0 to 2 percent.

These two soils are included in the prime farmland list. BAs
requirad by the Parmpland Protection Policy Act, a Farmland
Conversion Inmpact Rating (AD-1006) was submitted for
evaluation and returned by us on June 1, 1992. Furthermore,
the Coloso and Toz map units are currently listed as
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non-hydric map units that may contain hydric inclusions, and
warrants further investigatfon to determine if hydric soils
are within these delineations. *

Wa have no more comwents other than recommending during the
construction phase to maintain the soil ¥bvement to a
mininum and to plant vegetation after construction on any
disturbed area to reduce soil erosion.

s Ly,

ol i

CK .
staff Soil Scientist
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